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TO THE 





SIS, ]! 

Do here mod: humbly lay 
this (mail Prefent at Tour 
Majepes Royal feet. And 
though it comes accompa- 
nyd with two difidvantages, the mearmefs 
of the Author , and of the Subjett-, yet 
in both I am incouraged by the greatnefs 
of your Mercy and your Knowledge. 
By the one I am taught, that you can 

A forgive 
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The Epistle 

forgive the moft prtfumptuom Ofendors : 
And by the other, that you will not e- 
jleem the leaft work of Nature , or Art , 
unworthy your Obfervatm. Amidft the 
many felicities that have accompani’d 
your Majeflies happy Reftauration and 
Government, it is none of the leaft confi- 
derable, that Philo fophy and Experimental 
Learning have proffer’d under your Royal 
Patronage . And as the calm profperity 
of your Reign has given us th eleifure 
to follow thefe Studies of quiet and re- 
tirement , foit is juft, that the Fruits of 
them fhould , by way of acknowledge- 
ment , be return’d to your Majefly. 
There are, Sir, feveral other of your 
Subjefts, of your Royal Society , now 
bufie about Nobler matters : The Im- 
provement of Manufactures and Agricul- 
ture , the Inereafe of Commerce , the Ad- 
vantage of Nr. vigation : In all which 

they are afsifled by your Majeflies lncou- 
and Example. Amidft all thofe 

greater 
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Dedicatory. 

greater Defigns,! here prefume to bring 

in that which is more proportionable to 
the fmalnefs of my Abilities , and to 
offer fome of the leap of all vifible 
things, to that Mighty King, that has efla- 
blijhtan Empire over the beft of all In- 
vifible things of this World, the Minds 
of Men. 



Tour Majeflies mo fl humble 

1 \ *- ' > > - -■ t V • Ti . iG ) Jj; r;; ; 

and moft obedient 
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TO THE 

ROYAL SOCIETY. 

Fter my Addrefl to our Great Founder and Pa- 
tron, I could not but think my felf oblig’d , 
in confideration of thole many Ingagements 
you have laid upon me , to offer thefe my 
poor Labours to this MOST 1LLU- 
ASSRMBLY. YOU have been 
pleas’d formerly to accept of thefe rude Draughts. I have fince 
added to them fomc Defcriptions , and fome Conjectures of my 
own. And therefore, together with YOUR Acceptance, I muff 
alfo beg YOUR pardon.The Rules YOU havepreferib d YOUR 
felves in YOUR Philofophical Progrefs do feem the beft that 
have ever yet been pra&is’d. And particularly that of avoiding 
Dogmatizing , and the efpoufal of any Hypothecs not fufficiently 
grounded and confirm’d by Experiments. This way feems the 
moil: excellent , and may preferve both Philofophy and Natural 
Hiftory from its former Corruptions .In faying which, I may feem 
to condemn my own Courfe in this Treadle ; in which there 
may perhaps be fome Expreffions, which may feem more pofitive 
then YOUR Prefcriptions will permit : And though I defire 
to have them underflood only as Conjectures and Queries (which 
YOUR Method does not altogether difallow )yet if even in thofe 
I have exceeded, ’tic fit that I fhould declare, that it was not 
done by YOUR Dire&ions. For it is moft unreafonable, that 
YOU fhould undergo the imputation of the faults of my Con - 
jedures, feeing YOU can receive fo [mail advantage of reputa- 
tion by the Jleight Obfervations of 

TOUR mofi bumble and 
moji faithful Servant 

ROBERT HOOKE. 
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)T is the great prerogative of Mankind above other 
Creatures , that we are not only able to behold the 
works of Nature, or barely to fuff ein our lives by 
them, but we have alfo the power of confidering, 

comparing, altering, aflifting, and improving 

them to various ufes.And as this is the peculiar priviledge of humane 
Nature in general, fo is it capable of being fo far advanced by the helps 
of Art, and Experience , as to make fome Men excel others in their 
Obfervations, and Dedudions,almoft as much as they do Beafts. By the 
addition of fuch artificial Inftruments and methods ,there may be,in 
fome manner, a reparation made for the mifehiefs, and imperfection, 
mankind has drawn upon it felf, by negligence,and intemperance, and a 
wilful and fuperftitious deferring the Prefcripts and Rules cf Nature , 
whereby every man, both from a deriv'd corruption, innate and born 
with him, and from his breeding and converfe with men,is very fubjed 
to flip into all forts of errors. 

The only way which now remains for us to recover fome degree of 
thofe former perfections, feems to be,by rectifying the operations cf the 
Sen! is, the Alt m ory ,and R ea fon , fince upon the evidence ,the ffrength, 
the integrity ,andthe right correfpondence of all thefe, all the light, 
by which our aCtions areto be guided, is to be renewed, and all our com- 
mand over things is to be ejlablifbt. 

It is therefore moft worthy of our confideration, to recoiled their fe- 
feveral defeds, that fo we may the better underftandhow tofupply them 
and by what affiances we may inlarge their power, and fecur tthem ’ 
performing their particular duties. 

As for the aCtions of our Senfes, we cannot but obferve them to be 



in 



in 



many 




The Preface, 

many particulars much outdone by thofe of other Creatures, and when 
at beflpbefar Jhort of the perfection they feem capable of: And thefe 
infirmities of the Senfes arife from a double caufe, either from the dis- 
proportion of the Objeft to the Orga n,whereby an infinite number of 
things can never enter into them, or elfe from error in the Perception, 
that many things , which come within their reach , are not received in a 
right manner. 

The like frailties are to be found in the Memory ; we often let many 
things flip away from us, which deferve to be retain'd', and of thofe 
which we treafure up, a great part vs either frivolous or falfe ; and if 
good, and fubjiantial, either in tr aft of time obliterated, or at befi fo 
overwhelmed and buried under more frothy notions, that when there is 
need of them, they are in vain fought for. 

The two main foundations being fo deceivable, it is no wonder , that 
all the fucceeding works which we build upon them,of arguing , conclu- 
ding,defining,j udging, and all the other degrees of Reafon, are lyable to 
the fame imperfettion, being, at befi , either vain, or uncertain : So that 
the errors of the underftanding are anfwerable to the two other, being 
defective both in the quantity and goodnefs of its knowledge ; for the li- 
mits, to which our thoughts are confi nd, are fmaliin re fled of the vafi 
extent of Nature it felf; fome parts of it are too large to be comprehen- 
ded, and fome too little to beperceived. And from thence it mu fi fol- 
low, that not having a full fenfation of the ObjeCt, we muft be very lame 
and imperfeCl in our conceptions about it , and in all the pi opofitions 
which we build upon it ; hence, we often take the fhadow of things for 
the fubftance, fmall appearances for good fimilitudes, li militudes 
for definitions; and even many of thofe, which we think to be the mofi 
folid definitions, are rather exprejfms of our own mifguided apprehen- 
fions then of the true nature of the things thernfelves. 

The effefts of thefe imperfedions are manifeftedin different ways,ac- 
cording to the temper and diflofltion of the fever al minds of men, fome 
they incline.to grofs ignorance and fiupidity, and others to a pre- 
fumptuous impofing on other mens Opinions, and a confident dog- 
matizing on matters , whereof there is no ajfur ance to be given . 

Thus 



The Preface, 

Thus all the uncertainty, and mifiakes of humane aEiions, proceed 
either from the narrownefs and wandring of our Senfes, from theflippe- 
rinefi or delufion of our Memory, from the confinement or rafbnefi of 
our Underftanding, fo that ’tis no wonder, that our power over natu- 
ral caufes andeffeCis is fo flowly improvd, feeing we are not only to 
contend with the obfcurity and difficulty of the things whereon we work 
and think, but even the forces of our own minds confjure to betray us. 

Thefe being the dangers in the procefi of humane Reafon, the remedies 
cf them all can only proceed from the real, the mechanical, the ex- 
perimental Philofophy, which has this advantage over thePbilofophy of 
difcourfe and deputation,/ A# whereas that chiefly aims at the fubtilty 
of its DcduCions and Conclufions , without much regard to the firfl 
ground-work, which ought to be well laid on theSenfe and Memory ; 
fo this intends the right err dering of them all,and the making them fer- 
viceable to each other. 

The firfl thing to be undertaken in this weighty work, is a watch- 
fulnefs over the failings and an inlargenient of the dominion, cf 
the Senfes. 

To which end it is requifite , firfl. That there flmidbe a ferupu- 
lous choice,and a drift examination, of the reality, conflancy, and 
certainty of the Particulars that we admiujhis is the firfl rife where- 
on truth is to begin , and here the mofi fever e, andmofl impartial dili- 
gence, mufl be imp loyed ; the filming up of all, without any regard to 
evidence or ufe, will only tend to darknefs and confufion. We mufl 
not therefore efteem the riches of out Philo fophical treafure by the num- 
ber only, but chiefly by the weigh t;thetnoft vulgar Infiances are not to 
benegkCiedJm above all, the mofi inftruaive are to be entertain'd* 
thefootfleps of Nature are to be tracdjiot only in her ordinary courfe 
but when fie feems to be put to her fiifts,to mah many doublings and 

diflZfy' Cmdt ° Ufe aTtin ^^ng^ avoid our 

The next care to be taken, in refpeB of the Senfes, hafupplvmof 
their infirmities rnh Inftruraents, W, « a J e , fix 

r & dn s ‘o natural i this in one <f them has beat of 

dc.com- 




The Preface. 

accompliflt with prodigious benefit to all forts of ufeful knowledge , by 
the invention of Optical Glajfes. By the means of Telefcopes, there is 
nothing fo far diftant but may be reprefentedto our view ; and by the 
help of Microfcopes, there is nothing fo fmall, as to efcape our inqui- 
ry • hence there is a new vifible World difeovered to the under /landing. 
By this means the Heavens are open'd , and a vafi number of new Stars, 
and new Motions , and new Productions appear in them , to which all the 
arrtient Aflronomerswere utterly Strangers. By this the Earth it felfi 
which lyes fo neer us. , under our feet, flews quite a new thing to us, and 
in every little particle of its matter, we now behold alrnofi as great a 
variety of Creatures , as we were able before to reckon up in the whole 
Univerfe it felf. 

It feems not improbable , but that by theft helps the fubtilty of the 
compofition of Bodies, the firudure of their parts, the various texture 
of their matter, the infiruments and manner of their inward motions , 
and all the other pojfible appearances of things, may come to be more 
fully difeovered ; all which the antient Peripateticks were content to 
comprehend in two general and ( unleft further explain'd j ufelefl 
words of Matter and Form. From whence there may arife many admi- 
rable advantages,towards the increafe of the Operative, and the Me- 
chanick Knowledge, to which this Age feems fo much inclined, becaufe 
we may perhaps be inabled to difeern all the fecret workings of Nature, 
alrnofi in the fame manner as we do thofe that are the productions of 
Art, and are managd by Wheels, and Engines, and Springs, that were 
devifedby humane Wit. 

In this kind I here prefent to the World my imperfed Indeavours ; 
which though they flail prove no other way confiderable,yet, I hope, they 
may be in fome meafure ufeful to the main Defign of a refoi mation 
in Phifofophyfif it be only by flewing, that there is not fo much requir'd 
towards it, any _ ftrength o/I imagination, or exaClnefs of Method, or depth 
of Contemplat \oifthough the addition of thefe,where they can be had, 
mufi needs produce a much moreperfeCi compofurejas a fincere Hand, 
and a faithful Eye, to examine, and to record, the things them) elves 

as they appear. 



And 
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And I beg my Reader, to let me take the boldnefi to ajfure hint, 
that in this prefent condition of knowledge , a man fo qualified , as / 
have indeavoured to be, only with refolution, and integrity, and plain 
intentions ofimploying his Senfes aright, may venture to compare the re- 
ality and the ufefulnefl of bis fervices, towards the true Philofophy, with 
thofe of other men, that are of much fironger,and more acute fpecula- 
tions,; that flail not make ufe of the fame method by the Senfes. 

The truth is, the Science of Nature has been already too long made 
only a work of the Brain and the Fancy ; It is now. high time that it 
flould return to the plainnefl and foundnefl of Oblervations on ma- 
terial and obvious things. It is faid of great Empires, That the belt, 
way to preferve them from decay, is to bring them back to the 
firft Principles, and Arts, on which they did begin. The fame 
is undoubtedly true in Philofophy, that by wandring far away into invi- 
fible Notions, Azs alrnofi quite defiroyd it felf, and' it can never be re- 
covered, or continued, but by returning into the fame fenfible paths, 
in which it did at firfi proceed. 

If therefore the Reader expeds from me any infallible Dedudions, 
or certainty of Axioms, I am to fay for rny felf that thofe fir onger 
Works of Wit and Imagination are above my weak Abilities ; or if 
they had not been fo, I would not have made ufe of them in this pre- 
fent SubjeCi before me: Whenever he finds that I have ventur'd at 
any fmall Conjectures, at the caufes of the things that I have obferved, 
Ibefeech him to look upon them only as doubtful Problems,3^ uncer- 
tain ghefles, and not as unquefiionable Conclufions, or matters of un- 
confutable Science-, I have produced nothing here, with intent to-bind 
his undemanding to an implicit confent ; / am fo far from that, that 
I defire him not abfolutely to rely upon thefe Obfervaiions of my eyes 
if he finds them contradided by the future Ocular Experiments of Co 
ber and impartial Difioverers. 

^touted my end, if tbefe m, fmall Labours 
flail be though fit fo take up fome place in the Urge Jlockof natural 
°b(ervations, which fo man, hands arebufte infoidtfTf^ 
cmr Anted the meaneft foundations .hereon Ihers mfraifi noZ 

^ Super- 






The Preface. 

Superftru&ures, lam abundantly fatisfied ; and all my ambition is, 
that Imay ferve to the great Pbilojophers of this Age , as the makers 
and the grinders of my Glaffes did to me ; that I may prepare andfur- 
nijh them with fome Materials, which they may afterwards order and 
manage with better skilly and to far greater advantage. 

The next remedies in this univerfal cure of the. Mind are to be ap- 
plyedto the Memory, and they are toconfijl cf fuel DirebUons as may 
inform us, what things are befl to be ftord up for our purpofe, and 
which is the befl way of fo difpofing them, that they may notonlybe 
kept in (ditty, but ready and convenient Jo be at any time produc d for 
ufe, as occafion /hall require. But I will not her e prevent my felf in 
what I may fay in another Vifcourfe , wherein I flail make an at- 
tempt to propofe fome Confiderations of the manner of compiling a Na- 
tural and Artificial Hifiory, and of fo ranging and regifiring its 
Particulars into Philofophical Tables , as may make, them mofi ufeful 
for the raifing cf Axioms and Theories. 

The lafi indeed is the mojl hazardous Enterprise, and yet the mofi 
neceflary ; and that is, to take fleh care that the. ] udgment and the 
Reafon of Man ( which is the third Faculty to be repair'd and im- 
prov'd ) fhould receive fuch affifiance , as to avoid the dangers to 
which it is by nature mofi fubjefi. The Imperfections , which I have al- 
ready mention'd, to which it is lyable, do either belong to the extent, 
or the goodnefs of its knowledge ; and here the difficulty is the grea- 
ter, leaf that which may be thought a remedy for the one flould 
prove deftru&ive to the other , leaf by feekjng to inlarge our Know- 
ledge, we flould render it weak and uncertain', and leafi by being 
too fcrupulous and exatt about every Qrcumfianct cf it, m flould 

confine and ftreighten it too much. 

In both theft the middle wayes are to be taken, nothing us to be 
omitted, and yet every thing to gafi a mature deliberation ; No 
Intelligence from Men cf all Profeffms, and quarters of the World, 
to be flighted,^ all to befo feverely examin’d,^* there remain 
no room for doubt or inability ; much rigour m admitting, much 
ftri&nefs in comparing ,and above all, much flownefs m debating, and 



The Preface. 

n, y „efs in Jete mining, « » btf*m 7k Undemanding tfft 
order all the inferiour fervues eftbe later Faculties; but yetit Kio 
do this only as ah wfulMafter, andnat as a Tyrant. Itmufi not in- 
croach upon their Offices, nor take upon it felf the employments which 
belong to either of them. It mufi watch the irregularities cf the Sen- , 

fes, but it mufi not go before them, or prevent their information. It 
mufi examine, range, and difpotec/ the bank which is laid up in the 
Memory ; but it mufi be fare to mah diftinfiion between the fober and 
well colle&ed heap , and the extravagant Idea's, and miftaken 
Images , which there it may fometimes Tight upon. So many are the 
links, upon which the. true Phibfophy depends, of which jf. any one be loofe, 
or weak , the whole chain i* in danger cf being diffolv'd ; it is to be- 
gin with the Hands and Eyes, and to proceed on through the Memory, 
to be continued by the Reafon ; nor is it to flop there, but to come about 
to the Hands and Eyes again, and fo, by a continual paflage round 
from one F acuity to another , it is to be maintained in life and ftrength, 
as much as the body of man is by the circulation of the blood through the 
fever al parts of the body, the Arms, the Fat, the Lungs, the Heart , and the 
Head. 

If once this method were followed with diligence and attention, there is 
nothing that lyes within the power of human Wit (or which is far more 
effectual ) of human Indufiry , which we might not comp off ; we might 
not only hope for Inventions to equalize tbefe of Copernicus, Galileo, 
Gilbert Hatvy, and of others, whofe Names are almofi loft, that were the 
Inventors of Gun-powder,^ Seamans Compafs, Printing, Etching, 
Graving, Microfcopes, &c. but multitudes that may far exceed them : 
for even tbofedifeoveries feem to have been the produlis of fome fuch me- 
thod, though but imperfefi ; What may not be therefore expefied from it if 
thoroughly profecuted? Talking ^contention of Arguments would 
frn be turn’d into labours; all the fine dreams of Opinions , and uni- 
verfalmetaphyfical natures, which the luxury of fubtil Brains has de- 
vis'd, would quickly vanifl, and give place to folid Hiftories, Experi- 
ments and Works. And as at firfi, mankind fell by tafting cf the 
forbidden Tree of Knowledge fo we,their Pofierity, may be in part record 

by 
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The Preface. 

by the fame way, not only by beholding and contemplating, but by ta- 
lking tootbofe fruits of Natural knowledge, that were never yet forbidden. 

From hence the World may be affijied with variety of Inventions , new 
matter for Sciences may be collected, the old improv'd, and their rufl: 
rubb d away ; and as it is by the benefit of Senfes that we receive all our 
Skill in the works cf Nature/o they alfo may be wonderfully benefited by 
it, and may be guided to an eafter and more exatt performance of their 
Offices ; Os not unlikely,but that we may find out wherein our Senfes are 
deficient, and as eafily find wayes of repairing them. 

The Indeavours of Skilful men have been moji converfant about the 
affiflahce cf the Eye, and many noble Productions have followed upon it ; 
and from hence we may conclude, that there is a way open d for advancing 
the operations, not only of all the other Senfes, but even of the Eye it felfithat 
which has been already done ought not to content us, but rather to incourage 
us to proceed further, and to attempt greater things in the fame and diffe- 
rent wayes. 

’ Tis not unlikely, but that there may be yet invented fever dl other 
helps for the eye,as much exceeding thofe already found,asthofe do. the bare 
eye,fucb as by which we may perhaps be able to difcover living Creatures in 
the Moon, or other Planets, the figures of the compounding P articles cf 
matter, and the particular Schematifms ^Textures of Bodies. 

And as Glades have highly promoted our feeing, fo ’ tis not improba- 
ble fut that there may be found many Mechanical Inventions to improve 
our other Senfes, cf hearing, fuelling, tailing, touching. ’Tis not 

impoffible to hear a whifper a furlongs difiance , it having been already 
done ; and perhaps the nature cf the thing would not make it more im- 
poffible., though that furlong Jbouldbe ten times multiply d. And though 
fome famous Authors have affirm'd it impoffible to hear through the thin- 
ned: plate of Mufcovy-glafs ; yet I know a way, by which tis eafie enough 
to hear one freak through a wall a yard thick. It has not been yet 
thoroughly examind,how far Otocoufticons may be improv'd, nor what 
other wayes then may be of quickning our hearing, or conveying found 
through other bodies then the N\r: for that that is not the only medium, 

I can affure the Header, that 1 havefby the help of a diftended mrc, propa- 
gated 
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aated the found to a very confiderable diftancein an inftant, or with as 
feemingly quick a motion as that of light, at leaft, incomparably fwifter 
thenthat, which at the fame time was propagated through the Air ; and 
this not only in a ftraight line , or direti, but in one bended in many 

angles. . j 

Nor are the other three fo perfeti,but that diligence, attention, and 

many mechanical contrivances, may alfo highly improve them. lor 
fnce the fenfe of fuelling feems to be made by the fwift palfage of the 
Air ( impregnated with the fleams and effluvia of feveral odorous 
Bodies j through the grifly meanders of the Nofe whofe furfaces are 
cover’d with a very fenfible nerve , and moi lined by a tranfuda- 
tion from the procefliis mamillares of the Brain , and fome ad- 
joyning glandules, and by themoifl fleam of the Lungs, with a Liquor 
convenient for the reception of thofe effluvia and by the adhefionand 
mixing of thofe fleams with that liquor, and thereby affeCting the nerve, or 
perhaps by infmuating themfelves into the juices of the brain , after the 
fame manner, as I have in the following Obfervations intimated, the parts 
of Salt topafi through the skins of Efs, and Frogs. Since, I fay, fmelling 
feems to be made by fome fuch way, ’ tis not improbable, but that fome con- 
trivance, for making a great quantity of Airpafi quickthrough the Nofe, 
might as much promote the fenfe of fmelling, as the any wayes hindring that 
paff age does dull and deflroyit. Several try als I have made, both of 

hindring and promoting this fenfe,and have fucceededin fome according to 
expectation *, and indeed to me it feems capable of being improv'd , for the 
judging of the conflitutions of many Bodies. Perhaps we may thereby 
aljo )udge ( as other Creatures feem to doj what is wholfome,what poyfon ; 
and in a word, what are the jfecifick properties of Bodies. 

There may be alfo forne other mechanical wayes found out , of fenfibly 
perceiving the effluvia of Bodies ; feveral Infiances of which, were it here 
proper, I could give of Mineral fleams and exhalations ; and it feems not 
vnpofible, but that by fome fuch wayes improved, maybe difcover ed, what 
Minerals lyebuned under the Earth, without the trouble to dig for them - 

wlfM° C °^ 1 rmt J ,ls J Con )& u re may be found in Agricola, and other 
Writer sof Minerals, freaking of the Vegetables that are apt to thrive, or 
pine, inthofe fleams. , tvklu,. 
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Whether alfo thofe fleams, which feern to iff. he out of the Earth , and 
mix with the Air ( and fo to precipitate forne aqueous Exhalations ^here- 
with ’tis impregnated ) may not be by forne way detetted before they produce 
the effett, feems hard to determine ; yet fomething of this kind I am able to 
dif cover fy an Infirument I contriv'd to {bewail the minute variations in 
thepreffiire of the Air ; by which Iconfiantly findjhat before ^ and during 
the time of rainy weather , thepreffiire of the Air is left, and in dry wea- 
ther , but efpecially when an Eaftern Wind ( which having paji over 
vafl traits of Land in heavy with Earthy Particles ) blows, it is much 
more , though thefe changes are varied according to very odd Laws. 

The Inftrument is this. I prepare a pretty capaceous Bolt-head A B, with 
a fmall ftem about two foot and a half long D C 5 upon the end of t is J 
I put on a fmall bended Glals,or brazen Syphon D E F ( open at D, E and F 
but to be doled with cement atFandE, asoccafion ferves) vvhofeftemF 
fhould be about fix or eight inches long, but the bore ol it not above half an 
inch diameter, and very even * thefe I fix very ftrongly together by the help 
of very hard Cement , and then fit the whole Glafs A LC D L F into a long 
Board or Framed fuch manner, that almoft half the head A B may lye buri- 
ed in a concave Hemifphere cut into the Board RS } then I P' acelt 
the Board RS, as is expreft in the firft Figure ot the firft Scheme } and fix 
it very firm and fteady in that pofture, lb as that the weight ofthe Mercury 
thatisafterwards tobe put into it, may not in the leaft Ihakeor to it 5 then 
drawing a line X Y on the F rame R T, fo that it may divide the ball into 
two equal parts, or that it may pals, as twere, through the centei f tl he 
ball. 1 begin from that, and divide all the reft of the JBoardtowaids UT 
into inches, g and the inches between the 2 5 and the end Efwhich need not be 
above two or three and thirty inches diftant from the line X Y) 1 Subdivide 
into Decimals 5 then flopping the end F with lott Cement or foft I in- 

vert the Frame, placing the head downwards, and the Onfice E upwards , 
Ind by it with a fmall Funnel, I fill the whole Glafs with Quickfilver ; then 
bv flopping the fmall Orifice E with my finger, I oftentimes ertft and inveit 
the whole Glafs and Frame,and thereby free the Quickfilver and Glafs from 
Sfthe bubbte “parcels of lurking Air 5 then inverting it as before, I fill it 
wp foil wW dear and well drain’d Quickfilver and having made ready a 
fmall baU of p etty hard Cement, by heat made very -Toft, I prefs it into the 

hole E and the eby flop it very faft • and tofecure this Cement from flying 
hole E, and tne y F J of Leather, that is fpread over in the in- 

Frame down edge-wayes, till the edge R . V touch m ; ^ ^ jf 

ta! 5 and then in that edgtng po tulc ,'^ d p. g ' ma y a fc et] d into the 
there chance to be an y Air hlddentn tjjf and hung it by 
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and bv a fmall Syphen I draw out the Mercury fo long, till I find the furface of 
it AB in the head to touch exaftly theline XY; at which time I immedi- 
ately take away the Syphon , and if by chance it be run fomewhat below 
the line X Y, by pouring in gently a little Mercury at F, I raife it again to 
its defired height , by this contrivance I make all the fenfible nfing and fal- 
ling of the Mercury to be vifible in the furface of the Mercury in the Pipe F, 
and fcarce any in the head A B. But becaufe there really is forne fmall 
change of the upper furface alfo, I find by feveral Obfervations how much 
it rifes in the Ball, and falls in the Pipe F, to make the diftance between the 
awo fiirfaces an inch greater then it was before , and the meafure that it 
falls in the Pipe is the length of the inch by which I am to mark the parts of 
the Tube F, orthe Board on which it lyes, into inches and Decimals: Ha- 
ving thus juftned and divided it, I have a large Wheel M N O P, whole 
outmoft limb is divided into two hundred equal parts $ this by certain fmall 
Pillars is fixt on the Frame RT, in the manner expreft in the Figure. In 
the middle of this, on the back fide, in a convenient frame, is placed a fmall 
Cylinder, whofe circumference is equal to tv r ice the length of one of thofe 
divifions, which I find anfwertoan inch of afeent, or defeent, of Mercury : 
This Cylinder I, is movable on a very fmall Needle , on the end of which is 
fixt a very light Index K L, all which are fo pois’d on the Axis, or Needle, 
that no part is heavier then another : Then about this Cylinder is wound a 
fmall Clew of Silk, with two fmall fteel Bullets at each end of it GH5 one 
of thefe, which is fomewhat the heavier, ought to be fo big, as freely to 
move to and fro in the Pipe F j by means of which contrivance , every the 
leaft variation of the height of the Mercury will be made exceeding vifible 
by the motion to and fro of the fmall Index K L. 

But this is but one way of difeovering the effluvia of the Earth mixt 
with the Air ; there may be perhaps many other s,witnefi the Hygrofcope, 
an Inftrument whereby the watery fleams volatile in the Air are difeerned, 
which the Noft it felfis not able to find. This I have deferib d in the 
following Trail in the Defcription of the Beard of a wild Oat. Others there 
arejnay be difeovered both by the Nofe , and by other wayes alfo. Thus 
the finoak ofburning Wood is fmelc, feen, and fufftcicntly felt by the 
eyes: The fumes of burning Brimftone are fmelc and difeovered alfo 
by the deftroying the Colours of Bodies , as by the whkenina of a red 
Role .• AMo krUMs, butthatthelnJuftr y <fmn, foiling this me- 
tbmgnay find out wayes tf improving tbh fenfeto as great a degree ofper- 
Jettion as it is in any Animal , and perhaps yet higher. 

Jh not improbable alfiM that our tafte may be very much improv'd 

wte ' ^oTtT v“ g °V aJ> ^ ^ B ° dh *> after eatin £ Wtter things, 
mother Vinous liquors, are more fenftbly tafted ; or elfeby pre- 

paring 
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paring Bodies for our taft ; as the dijfolving of Metals with acid Liquors , 
make them taflable , which were before altogether infipid ; thu s Lead be- 
comes Tweeter then Sugar, and Silver more bitter then Gall , Copper 
and Iron of rnofl loathfome tafts. And indeed the bufmefi of this fenfe 

being to difcover the prefence of diffolved Bodies in Liquors put on the 
Tongue,or in general to difcover that a fluid body has forne [olid body diffolvd 
in it, and what they are ; whatever contrivance makes this difcovery 
improves this fenfe. In this hind the mixtures of Chymical Liquors af- 
ford many Infiances ; as the fweet Vinegar that is impregnated with 
Lead may be difovered tobefo by the ajfufion of a little of an Alcalizate 
folution : The bitter liquor of Aqua fortis and Silver may be difcover d 
to be chargd with that Metal, by laying in it forne plates of Copper : 
5 Tis not Improbable alfo,but there maybe multitudes of other wayes cf difco- 
vering the parts diffolv d, or difjoluble in liquors ; and what is this difco- 
very but a kjndof fecundary tailing. 

’ Tis not improbable alfo,but that the fenfe of feeling may be highly im- 
prov'd, for that being a fenfe that judges of the more grofs and robuft 
motions of the Particles of Bodies, feerns capable of being improv d and 
affifled very many wayes. Thus for the dijlinguiffnng of Heat and Col d,the 
Weather-glafs and Thermometer, which I have defcrib' din this follow- 
ing Treatife, do exceedingly perfeCi it ; by each of which the leaf varia- 
tions of heat or cold, which the moji Acute fenfe is not able to difinguifh,are 
manifefled This is oftentimes further promoted alfo by the help of Burn- 
ing-glafles, and the like , which colleVt and unite the radiating heat. Thus 
the roughnefs and fmoothnefs of a Body is made much more fenfible by 
the help of a Microfcope, then by the mofi tender and delicate Hand. 
Perhaps, a Pbyfitian might, "by fever al other tangible proprieties, difcover 
the conflitution of a Body as well as by the Pulfe. I do but infiancein 
thefe,to flrew whatpoffibility there may be of many others, and what proba- 
bility and hopes there were of finding them,if this method were followed ; 
for the Offices of the five Senfes being to deteCt either the Tubtil and curi- 
ous Motions propagated through all pellucid or perfectly homogeneous 
Bodies', Or the more grok and vibrative Pulfe communicated through 
the Air and allother convenient mediums ,whether fluid or folid : Or the 

effluvia 
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folv’d or difloluble in Liquors, or the more quick and violent (ha- 
kina motion .if heat in oil or my ofthefe: nhatfoever does any myes pro- 
of thefe kinds ofc riteria, does afford array of improving forne 

i i ... /1 /lilicrprrt Adnn mppf 



effluvia of Bodies diflolv’d in the Air ; Or the particles . of bodies 

. • /v 1 11 • t t /I. nnnYo murlr Violent fhU" 

or c 

notic 

mote any of uxjc ^ - u * * > - - 

one fenfe. And what a multitude of thefe would a diligent Man meet 

with in his inquiries ? Andthis for the helping and promoting the fenfi- 

five faculty only. , r 1 r m • 1 

Next, as forthe Memory, or retentive faculty, we may be fufficiently 

inftrufied from the written Hiftories of civil actions, what great affi- 
flance maybe afforded the Memory, in the committing to writing things ob- 
fervable in natural operations. If a Pbyfitian be therefore accounted the 
more able in his Faculty, becaufe he has had long experience and prafiice, 
the remembrance of which, though perhaps very imperfect, does regulate all 
his after actions : What ought to be thought of that man, that has not only 
a perfect regifter of his own experience,but is grown old with the experience 
of many hundreds of years, and many thou finds of men. 

And though of late , men, beginning to be fenfible cf this convenience, 
have here and there regifired and printed forne few Centuries, yet for the 
moji part they are fet down very lamely and imperfectly, and, I fear, many 
times not fo truly, they feeming, fever al of them, to be defigndmore for 
Oftentation dwpublique ufe : For, not to inftance,that they do,for the 
mofi part, omit thofe Experiences they have made , wherein their Patients 
have mfcarried,it is very eafie to beperceiv d,that they do all along hyper- 
bolically extol their own Prefcriptions , and vilifie thofe of others <- Not- 

withfianding all which, thefe kinds of Hifiories are. generally efleern'd ufe- 
ful, even to the ablefi Pbyfitian. 

What may not be expefted from the rational or deduftive Faculty 
that isfurnijht with fuch Materials, and thofe fo readily adapted, and 
rang d for ufe, that in a moment, as twere, thoufands of Infiances, fervino- 
for the illuftration, determination, or invention, cf almofi any inquiry 
maybe reprefented even to the fight ? How neer the nature of Axioms’ 
mufi all thofe Propofkions be which are examin'd before fo mam Wit- 
ne CS i, difficult will it be for any, though never fofubtilan er- 

rorm Phlofophy, to icape from being Jifamr’d, after it has injur'd the 
touch, and jo many other tryals ? j 
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What kind of mechanical way, andphyftcal invention alfo is there re - 
quit d, that might not this way be found out ? The Invention of a way to 
find the Longitude of places is eafily perform'd, and that to as great per- 
fection as is de fir’d, or to as great an accuratenefs as ^Latitude of 
places can be found at Sea ; and perhaps yet alfo to a greater certainty 
then that has been hitherto found, as I fijall very ffeedily freely manifefi to 
the world The way of fly ing in the Air feems principally impracticable, 
by reafon of the want of ftrength in humane mufcles ; if therefore 
that could be fuppli dfit were,! think-, eafie to make twenty contrivances to 
perform the office of Wings : What Attempts alfo I have made for the 
fupplying that Defed, and my fucceffes therein, which, I think, are wholly 
new, and not inconfiderable, I fballin another place relate. 

y Tis not unlikely alfo, but that Chymifts, if they followed this method, 
might find out their fo much fought for Alkaheft. What an univerfal 

Menftruum , which diffolves all forts of Sulphureous Bodies, I have 
difcoverd ( which has not been before taken notice of as juch ) I have 
fibewn in the frxteenth Obfervation. 

What a prodigious variety of Inventions in Anatomy has this latter 
Age afforded, even in our own Bodies,in the very Heart, by which we live, 
and theBrdm, which is the feat of our knowledge of other things ? witnefl 
allthe excellent Works of Pecquet, Bartholinus, Billius, and many 
others ; and at home, oj Doftor Harvy,Po£?or Ent fDolior Willis , Doftor 
Gliflon. i/z Celeftial Obfervations we have far exceeded all the An- 
tients,even the Chaldeans and Egyptians themf elves, whofe vaft Plains, 
high Towers, and clear Air, did not give them fo great advantages over 
tus, as we have over them by our Glafles. By the help oj which, they have 
been very much outdone by the famous Galileo, Hevelius, Zulichem ; 
and our own Countrymen, Mr. Rook, Dofior Wren, and the great Orna- 
ment of our Church and Nation, the Lord Bifhop of Exeter. And to fay 
no more in Aerial Difcoveries, there has been a wonderful progreft made 
by the Noble Engine of the moft Illuftrious Mr. Boyl e,whom it becomes 
me to mention with all honour, not only as my particular Patron, but as the 
Patron of Philofophy it felf ; which he every day increafes by his La- 
bours, and adorns by bis Example. 
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The good fuccefi of all thefe great M tn,and many others, and the how 
feemingly great obvioufnefs of mofi of their and divers other Inventions, 
which from the beginning of the world have been, as ’ twere , trod on, and 
yet not minded till thefe lafi inquifitive Ages ( an Argument that there 
may be yet behind multitudes of the like ) puts me in mind to recommend 
fuch Studies, and tbeprofecutionof them by fuch methods , to the Gentlemen 
of our Nation,whofe leifure makes them fit to undertake, and the plenty 
of their fortunes to accomplish, extraordinary things in this way. And I 
do not onlypropofe this kind of Experimental Philofophy as a matter of 
high rapture and delight of the mind, but even as a material and fenfi- 
ble Pleafure. So vaft is the variety of Objedts which will come under 
their Inftefiions, fo many different wayes there are of handling them, fo 
great is the Satisfaction of finding out new things, that I dare compare 
the contentment which they will injoy, ?2ot only to that of contemplation, 
but even to that which moft men prefer of the very Senfos themfelves. 

And if they will pleafe to take any incouragement from fo mean 
and fo imperfect endeavours as mine, upon my own experience, I can 
affure them, without arrogance. That there has not been any inquiry or Pro- 
blemin Mechanicks, that I have hitherto propounded to my felf, but by a 
certain method ( which I may on fome other opportunity explain j I have 
been able prefently to examine the pojfibility of it ; and iffo, as eafily to ex- 
cogitate divers wayes of performing it : And indeed it ispoffible to do as 
much by this method in Mechanicks, as by Algebra can be perform' din 

/ at all doubt, but that the fame method is as ap- 



. — j i-wguuu PMuanary oe mgmy improva 
Toward the profectition of tbh raetWia Phyfical Inquiries, I have 
here *** **** »P an handful of Obfirvatiom, in the Mm of 
mfl of which Imadenfeof Microfcopes, and fome ether Glades and la 
ftruments that improve the fenfe ; Mch wap I have herein taken m 

World, 
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World, and for the difcovery of many others hitherto unknown, and to make 
utjvitk the great Conqueror, to be affetied that we have not jet overcome one 
World when there are fa many others to be difcovered, every confiderable 
improvement ofTelefcopes or Microfcopes producing new Worlds and 
Terra-Incognita’s to our view. 

The Glaffes Iufedwere of our Enghfh makefaut though very good of the 
kind, yet far fbortofwhat might be expetted, could we once find a way of 
making Glaffes Elliptical, or of fame more true fhape ; for though both 
Microfcopes, ao/Telefcopes, m they now are, will magnifie an Objeft 
about a thoufand thoufand times bigger then it appears to the naked eye ; 
yet the Apertures of the Objett-glaffes are fa very fmall, that very few Rays 
are admitted, and even of thofe few there are fa manyfalfa, that the Objeti 
appears dark and indiftinft : And indeed thefe inconveniences arefuch,as 
feem infeparable from Spherical Glaffes, even when mojl exactly madefut 
thway we have hitherto made ufe of for that purpofa it fo imperfett,that\there 
may be perhaps ten wrought before one be made toler ably good, andmoft of 
thofe ten perhaps every one differing in gcodnefa one from another , which is 
an Argument ,th at the way hitherto ufad ts,at leaft,very uncertain. So that 
thefe Glaffes have a double defettpthe one, that very few of them arc exactly 
true wrought \ the other, that even of thofe that are befl among them, none 
will admit a fufficient number of Rayes to magnifie the Objetl beyond a 
determinate bignefa. Againfi which Inconveniences the only Remedies I 
have hitherto met with are thefe. 

Firft for Microfcopes ( where the Objett we view is near and within em- 
power jthe belt way of making it appear bright in the Claris to cafta great 
quantity of light on it by means of convex glaJJes,{ox thereby , though the aper- 
ture be very finall,yet there will throng in through it fuch multitudes, that an 
Obldi will by this means indure to be magnifies much again as ,t would 
be without ic The way for doing which is this. I make choice ot fume 
Room that has only one window open to the South , and at about thi ee o 
four foot diftance from this Window, on a Table,. I place my Microfcope , and 
then fo place either a round Globe of Water, or a very deep clear piano con- 
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may not finge or burn the Paper. Inftead of which Paper there may be 
made ufe of a linall piece of Looking-glafs plate , one of whole lides is made 
rough by being rubb’d on a Hat Tool with very find land, this will, if the 
heat be leifurely call on it, indure a much greater degree of heat, and con- 
fequently very much augment a convenient light. By all which means the 
light of the Sun, or of a Window, may be lo caft on an Objedl, as to make it 
twice as light as it would otherwife be without it, and that without any in- 
convenience of glaring, which the immediate light of the Sun is very apt to 
create in mofc Objetts ; for by this means the light is fo equally diffufed, 
that all parts are alike inlightned ; but when the immediate light of the Sun 
falls on it, the reflexions from fome few parts are fo vivid, that they drown 
the appearance of all the other, and are themfel ves alio, by realbn of the in- 
equality of light, indiftinft, and appear only radiant Ipots. 

But becauie the light of the Sun, and allb that of a Window, is in a conti- 
nual variation, and lo many Objects cannot be view'd long enough by them 
to be throughly examin'd; bcfidesthat, oftentimes the Weather is lo dark 
and cloudy, that for many dayes together nothing can be view’d : And be- 
caufe alfo there are many Objects to be met with in the night, which cannot 
lo conveniently be kept perhaps till the day, therefore to'procure and call a 
fufficient quantity of light on an Objeft in the night, I thought of, and often 
ufed this, Expedient. 

I procur’d me a final] Pedeflal , fuch as is defcrib’d in the fifth Figure of 
the fir w Scheme on the fmall Pillar A B, of which were two movable 
Armes CD, which by means of the Screws E F, I could fix in any part of 
S e 5iM • u n theu ^ erm °ft°f thefe 1 plac'd a pretty large Globe ofGlafs 
i™ b ?5 eet ! lng clear Brine llopt inverted, and fixt in the manner 
vifible in the Figure; out of the fide of which Arm proceeded another 
Aim H, with many joynts ; to the end of which was fafined a deep plain 
Convex glafs I which by means of this Arm could be moved too and fro^nd 

could h7f° ftUrC 'l ° n th u UpP f Arm was P Iaced a fma11 Lamp K, which 
couid be lo mov d upon the end of the Arm , as to be fet in a fit pollure to 

give light through the Ball : By means of this Inflrument duly plac’d as is 
expreft in the Figure with the fmall flame of a Lamp may be call as ^rear 
and convenient a light on the Ob jeft as it will well indnreT7l * i g 

*Pf, of, ” a g"yyi n g,t h ey leave m^ain in the lurcf H™™?, 

definable, thatfome way werethoupht of fnr " en ^ Jt were very 

fuch a Figure as would conveniently bear a Lge Aperture! ° b,ea 'S k6 of 

As for Telefcopes, A only improvement thy feerri capable of utht 
wrea/ingoftbeir hngth ; for, he ObjeakirrgJote, thereisftLlh 

pernre, the Glafi mu fi he ground of a very large ffhere ; for,hy that 

means. 
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meamjke longer tke Glafi be?the bigger aperture will it bear ?if the Glajfes 
be of an equal goodnefi in their kind. Therefore a fix willindure a 
much larger Aperture then a three foot Glafi ; and a fixty foot Glafi will 
proportionably bear a greater Aperture then a thirty ?and will as much ex- 
cel it alfo 06 a fix foot does a three foot? as J have experimentally obferv'd 
in otfe of that length made by Mr. Richard Reives here at London, 
which will bear an Aperture above three inches over ? and yet make 
the Objett proportionably big and diflintt ; whereas there are very 
few thirty foot Glajfes that will indurean Aperture of more then two in- 
ches over. So that for Telefcopes , fuppofing we had a very ready way 
of making their Objeti Glajfes of exattly fiber ical Surfaces ? we might ? by 
increafing the length of the Glafi ? magnifie the Objett to any affignable big . - 
nefi . And for performing both thefe ? 1 cannot imagine any way mor e ea- 

fie?and more exalt? then by this following Engine fiy means of which ? any 
Glajfes?of what length foever?maybe fieedilymade.lt feems the moft eafie? 
becaufe with one and the fame Tool may be with care ground an ObjeCt 
Glafi ? of any length or breadth requifite ? and that with very little or no 
trouble in fitting the Engine ? and without much skill in the Grinder. 
It feems to be the mofi exalt? for to the very lafl fir oh the Glafi does 
regulate and reftifie the Tool toitsexatt Figure ; and the longer or more 
the Tool and Glafi are wrought together ? the more exatt will both of them 
be of the defir d Figure. Further ? the motions of the Glafi and Tool do 

fo crofi each other ? that there vs not one point of either s Surf ace fiut has 
thoufands of crofi motions thwarting it? fo that there can be no kind of 
Flings or Gutters made either in the Tool or Glafi. 

The contrivance of the Engine is, only to make the ends of two large 
Mandrils fo to move , that the Centers ot them may be at any convenient 
diftance afunder , and that the Axis of the Mandrils lying both in the fame 
plain produc’d, may meet each other in any affignable Angle j both which 
requifites may be very well perform'd by the Engine defenb d in the third 

Figure of the firft Scheme : where A B lignifies the Beam of a Lath hxt per- 
pendicularly or Horizontally, C D the two Poppet heads, fixt at about two 
foot diftance, E F an Iron Mandril , whofe tapering neck F runs in an adapt- 
ed tapering brafs Collar 5 the other end E runs on the point of a Screw G 5 
in a convenient place of this is faftnedH a p^y Wheel, and , the '"lltv 
it that comes through the Poppet head C, .s fcrewed a Ring of a hollow 
Cylinder K, or fome other conveniently fhap d Tool., of what widenefs • ^ 
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Bp thought moft pr oper for the cize of Glafles , about which it is to be im- 

plov d As, for Obfeft glafles, between twelve foot and an hundred foot 
£ the Ring may be about lix inches over, or indeed fomewhat 
more for thofe^onger Glaftes. It would be convenient alfo, and not 
very chargeable, to have four or five feveral Tools 5 as one for all Glaftes 
between an inch and a foot , one for all Glafles between a foot and ten foot 
lone another for all between ten and an hundred^ fourth for all between a 
hundred and a thoufand foot long 5 and if Curiofity ffiall ever proceed fo 
far one for all lengths between a thoufand and ten thoufand toot long j tor 
indeed the principle isfuch,that fuppofing the Mandrils we 11 made, and of a 
good length, and fuppofing great care be ufed in working and pohfhing 
them, I fee no reafon,but that a Glafs of a thoufand, nay of ten thoufand foot 
long/may be as well made as one of ten , for the reafon is the fame, fuppofing 
the" Mandrils and Tools be made fufficiently firong, fo that they cannot 
bend 5 and fuppofing the Glafs, out of which they are wrought, be capable 
of fo great a regularity in its parts as to refra&ion: this. hollow Cylinder K 
is to contain the Sand, and by being drove round very quick to and fro by 
means of afmall Wheel, which may be mov d with ones foot, ferves to grind 
the Glafs : The other Mandril is fliap’d like this, but it has an even neck in- 
ftead of a taper one, and runs in a Collar, that by the help of a Screw, and a 
joynt made like M in the Figure, it can be ftill adjuftned to the wearing or 
wafting neck : into the end of this Mandril is ferevved a Chock N, on which 
with Cement or Glew is faftned the piece of Glafs Q_ that is to be fbi m‘d ? 
the middle of which Glafs is to be plac’d juft on the edge of the Ring, and 
the Lath OP is to be fet and fixt ( by means of certain pieces and ferews, 
the manner whereof will be fufficiently evidenc’d by the Figure ) in fuch 
an Angle as is requifite to the forming of fuch a Sphere as the Glafs is de- 
fign’d to be of j the geometrical ground of which being fufficiently plain, 
though not heeded before, I fha.ll, for brevities fake, pafs over. This laft 
Mandrills to be made ( by means of the former, or lome other Wheel ) to 
run round very fwift alfo, by which two crofi morions the Glafs cannot - 
chufe ( if care be us’d ) but be wrought into a moft cxaftly fpherical 
Surface. 1 

But becaufe we are certain? from the Laws of refraftion ( which 1 
I have experimentally found to be fo?by an Inftrument I jhall prefently de- 
feribey that the lines of the angles of Incidence are proportio- 
nate to the lines of the angles of Refraftion, therefore if Glafi es could 
be made of thofe kind of Figures? or fome other , fuch as the moft incompa- 
rable Des Cartes has invented? and demonfir ated in hvs Pbitofiphical and 
Mathematical lVorks?we might hope for a much greater perfection ofOpticks 
then can be rationally expend from fpherical ones; for though? ceteris pa 

ty?ififz thcl T the , Tekf “P e %fiG/^, j th( 

porter thofe of the Microfcope, the better they mognifie, yet both of them, 

befide 
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befidi fuch determinate dimenfions , are by certain inconveniences, rendred 
unufeful ; for it will be exceeding difficult to make and manage a Tube 
above an hundred foot long, and it will be as difficult to inlighten an 
Objett left then an hundred part of an inch diflant from the Objett Glafi. 

I have not as yet made any attempts of that kind , though I know two or 
three way es, which , as far as I have yet confidered \ feem very probable^and 
may invite me to make a tryal as foon as I have an opportunity , of which I 
may hereafter perhaps acquaint the world . In the Interim , I ffjolldefcribe 
the Inflrument I even now mention d^ by which the ret raft ion of all kinds 
of Liquors may be moft exaCily meafurd , thereby to give the curious an 
opportunity cf making what further tryals cf that kind theyfl.mil think 
requifite to any of their intended tryals ; and to let them fee that the laws 
of Refraction are not only notional. 

The Inflrument confifted of five Rulers , or long pieces placed together, 
after the manner expreft in the fecond Figure of the firft Scheme , where 
A B denotes a ftraight piece of wood about fix foot and two inches long, 
about three inches over, and an inch and half thick , on the back fide of 
which was hung afmall plummet by a line flretcht from top to bottom, by 
which this piece was fet exaftly upright, and fo very firmly fixt 3 in the mid- 
dle of this was made a hole or center, into which one end of a hollow cy- 
lindrical bralsBox CC, fafhiond aslfhallby and by defenbe, wasplacd, 
and could very eafilyand truly be mov’d to and fro 5 the other end of this 
Box being put into, and moving in, a hole made in afmall arm LHJ3 into 
this box was faftned the long Ruler E F, about three foot and three or lout- 
inches long, and at three foot from the above mention’d Centers P 1 was 
a hole E, cut through, and crofs’d with two fmall threads, and at the & end of 
it was fixt afmall fight G, and on the back fide of it was fixt a fmall Arm t H 
with a Screw to fix it in any place on the Ruler L M 5 this Ruler LM was 
mov’d on the Center B (which was exactly three footchftancefrom the 
middle Center P ) and a line drawn through the middle of it LM, was 
divided by a Line of cords into fome fixty degrees, and each degree was u - 

divided into minutes, fothat putting the cr °ft of ^ he aB 

part of this divided line, I prefently knew what Angle the two Rules A B 
and EF made with each other, and by turning the Screw in H I could fix 
them in any pofition. The other Ruler alfo RS was made much after the 
fame mannerly it was not fixt to the hollow cylindrical B°x= b“t.by means 
of two fmall brafs Armes or Ears, it mov d on the Centers of it , thaallo, 
bv means of the crofs threads in the holeS, and by a Screw in K, could be 
f-rffned on any divifion of another line of cords of the fame radius drawn on 
N O And fo ^ that means, the Angle made by the two Rulers, A B and 
R S was alfo known. The Brafs box CC in the middle was fhapd very 
much like the Figure X, that is, it was a cylindrical Box ftopp d clofe at ei- 
ther end, off of which a part both of the fides and bottomes was cut out^fo 
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that the Box, when the Pipe and that was joyne d to it, would contain the 
Water when fill’d half full, and would likevvile, without running over, ln ~ 
dure to be inclin’d to an Angle , equal to t hat of the greateft refraction 1 Of 
Water and no more, without limning over. 1 he Ruler E F was fixt very raff, 
to the Pipe V, fo that the Pipe V dire&edthe length of the RulcrE F, and 
the Box and Ruler were mov’d bn the Pin TT, liras to fnake any defe- 
rable Angle with the Pvuler A B. The . bottom of this PipeV was flop d 
with a lmall piece of exactly plain Glafs, which was ' plac’d exactly per- 
pendicular to the Line of direction, or Axis of the Ruler E F. The Pins 
alfo T T were drill’d with fmall holes through the Axis , and through thofe 
holes was flretcht and faflned afmall Wire. There was likewife a fmall 
Pipe of Tin loofJy put on upon the end ofV, and reaching down to the 
fight Gj the ufeof which was only to keep any falfe Rayes of lightfrotn 
palling through the bottom of V, and only admitting fuch topafsas pier- 
ced through the fight G : All things being placed together in the manner 
deferib’d in the Figure 3. that is, the Ruler AB being fixt perpendicular, I 
filPdthe Box CC with Water, or any other Liquor, whofe refraction I in- 
tended to try , till the Wire palling through the middle of it were juft co- 
vered : then I moved and fixt the Ruler F E at any affighable Angle, and 
placed the flame of a Candle juft againft the fight G 3 and looking through 
the fight I, I moved the Ruler Pv S to and fro, till I perceived the light paft 
fing through G to be covered, as ’twere, or divided by the dark Wire paft 
fing through PP: then turning the Screw i.iK, I fixt it in that pofture: 
And through the hole S, Iobferved what degree and part of it was cut by 
the crofs threads in S. And this gave me the Angle of Inclination, APS 
anfivering to the Angle of Reflation BPE : for the fu'rBacepf the Liquor 
in the Box will be alwayes horizontal , and confcquently A B will be a 
perpendicular to it 3 the Angle therefore APS will heaflffe, or be the 
Angle of Inclination in the Liquor 3 next EPB nuiflbe the Angle of Re- 
fraftion,for the Ray that paffes through the fight C, pnflesalfo perpendicu- 
larly through the Glafs Dtaplragme at F, and conlequcntly alfo perpendi- 
cularly through the lower fui face of the Liquor contiguous to the Glafs. and 
therefore luffersno refradrion till it meet with the horizontal furfaceof the 
Liquor in C C, which is determined by the two Angles. 

By means of this Inflrument I can withX\tt\c Trouble, and a very 
fmall quantity of any Liquor, examine , moft accurately , the refra&ion 
of it not only for one inclination , but for all ; and thereby am inabled 
to make very accurate Tables ; fever al of which Ihave alfo experimentally 
made. ,and find that Oylof Turpentine has a much greater Mr aSim 
then Spirit of Wine , tbougbitbe lighter; and tbit Spirit of Wine 

ZXdT'ftrt mthm WaKr ’ firelighter alfo ■ but that 
Ut Water alfo hoc a greater RefraUm then frefh, thought be heavier - 

zdr a — wi, though z: 

alfo. So that a feetns,ae to the refraftiort made in a Liquor, the { peci- 
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fick gravity h of no efficacy. By this I have alfo found,tbat looKwhat pro- 
portion the Sine of the Angle of one Inclination has to the Sine of xhe, 
Angle of Refra&ion, correffcndent to it , the fame proportion have, all 
the Sines of other Inclinations to. the Sines of their appropriate B fractions. 

My way for meafuringhow mucha Glafs magnifies an ObjeCt, plac d ata 
convenient diftance from my eye, is this. Having reCtifid the Microfcope 1 , to 
fee the defil’d Object through it very diftinCtly, at the fame time that I look 
upon the Objeft through the Glafs with one eye, I look upon other ObjcCts 
at the fame diftance with my other bare eye; by which means I am able, 
by the help of a Ruler divided into inches and Imall paits, and laid on the 
Pedeiial of the Microftcopeyo caft.asit were, the magnifi’d appearance of the 
ObjeCt upon the Ruler, and thereby exactly to meafure the Diameter it ap- 
pears of through the Glafs, which being compar’d with the Diameter it ap- 
pears of to the naked eye , will eafily afford the quantity of its magmfy- 

S~he Microfcope which for the moft part I madeufe of, was (hap d much 
like that in the lixth Figure of the firft Scheme, the Tube being for the moft 
part not above fix or feven inches long, though, by realon it had tout Draw- 
ers it could very iuuch be lengthened as occafion lequued 5 this was con- 
triv'd with three Glaffes;a fmall ObjeCt Glafs at A,a thinner Eye Glafs about 
B and a very deep one about Ct this Imade life of only when I had oc- 
cafion to fee much of an ObjeCt at once; the middle Glafs conveying a 
very great company of radiating Pencils, which would go another way, and 
throwing them upon the deep Eye Glafs. But when ever I had occafion to 
examine the fmall parts of a Body more accurately , I took out the middle 
Glafs, and only made ufe of one Eye Glafs with the ObjeCt Glafs, foi always 
the fewer the Refractions are, the more bright and clear the Object appears. 
And therefore ’tis not to be doubted , but could we make a Mtcrojcope to 
have one only refraCtion, it would, ceteris paribus, far excel any other that 
had a greater number. And hence it is, that if you take a very clear piece 
of a broken Venice Glafs, and in a Lamp draw it out into very fma. bans or 
threads, then holding the ends of thele threads in the flame, till they melt 
and run into a fmall round Global, or drop, which will hang at the end of 
the thread ; and if further you ftick feveral of thefe upon the end of a ftick 
With a little fealing Wax,fo as that the threads hand upwards, and then on 
a Whetftone firft grind off a good part of them, and afterward on a fmooth 

Metal pSte a little Tnpol^ ^ V V7 

fmooth; if ’one of thefe be fixt with a little foft Wax againft a fmall needle 
hole prick’d through a thin Plate of Brafs, Lead, Pewter, or any other Me- 
tal and an ObjeCt, plac’d very near, be look’d at through it, it will both 
magnifie and make fome ObjeCts more diftinCt then any of the great Jlja*- 
fcopes. But becaufe thefe, though exceeding eafily made, aie yet . veiy trou 
blefome to be us’d, becaufe of their fmalnefs, and the nearnefs of the ObjeCt , 
fherefore to prevent both thefe, and yet have only two RefraChons, I pro- 
vided me a Tube of Brafs, fhap’d much like that m the fourth Figui e of the 
Stsirnf to the (mailer end of thisl fixt with Wax a'gocd,/ W ~ 
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*** object Glafs, with the c0 " V J X ^ t0 ^gt S C^with 
Lger end I fixt alfo with wax a P iett L,^ P ^ ans of the fmall hole 
thf convex fide between thefe two Glaflbs 
by the fide, I filld the Screw (topp'd it in; then putting 

Ef TcouU perceive Objedt more bright then I could 
whe^the hitetnietfiate fpace was only fill’d with Att.but this, for other tn- 

pmaf by means of a fmall Screw E ; on the end of this Arm . was a fmall Ball 
of focket F,made in the fideofthe Brafs Ring G, through 
which the fmall end of the Tube wasferewd; by means of which contri- 
vance I could place and fix the Tube in what pofture I defir d ( which for 
many Obfervations was exceeding neceftary ) and adjuften it moft exaCHy 

tC> For pbeingthe ObieCf,I made this contrivance ; upon the end of a final! 
brafs Link or Staple H H, I fbfaftned around, Plate 1 1, that it mi|ht be 
turn’d round upon its Center K. , and going pretty ftifF , woidd ftand 
fixt in any pofture it wasfet ; on the fide of this was fixt a imall Pillar P, 
about three quarters of an inch high, and through the top of this was thruft 
a fmall Iron pin M, whofe top juft ftood over the Center of the Plate ; on 
this top I fixt a fmall ObjeCt, and by means of thefe contrivances I was able 
to turn it into all kind of pofitions, both to my Eye and the Light ; for by 
moving round the fmall Plate on its center, I could move it one way, and by 
turning the Pin M, I could move it another way, and this without ftirring 
the Glafs at all , or at leaft but very little : the Plate likewife I could move 
to and fro to any part of the Pcdeftal ( which in many cafes was very con- 
venient) and fix it alfo in any Pofition, by means of a Nut N, which was 
ferew’d on upon the lower part of the Pillar C C. All the other Con- 
trivances are obvious enough from the draught, and will need no defeription 

Now though this were the Infrument I made rnofi ufe of , yet l have 
made feveral other Try als with other kinds of Microfcopes, which both 
for matter and form were very different from common ffberical Glaffes. 
I have made a Microfcope with one piece of Glafi , both whofe furfaces 
were plains. I have made another only with a piano concave, without 

any kind of reflection, divers alfo by means of reflexion. I have made 

others of Waters, Gums, Refins, Salts, Arfenick, Oyls, and with 
divers other mixtures of watery and oyly Liquors. Andindeedthe 
fubjefi is capable of a great variety * but I find generally none more ufe- 
ful then that which is made with two Glafies, fuch as I have already de- 

f cribd ' What 
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What the things are I obfervd ', the following defcrigtions will manifefi ; 
in brief they were either exceeding fmali Bodies, or exceeding fmall 
Pores, or exceeding fmall Motions, feme of each of which the Reader 
will find in the following Notes,and fuch, as I, prefume, ( many of them 
at leafl') will be new, and perhaps not lefi Arrange .* Some fpecimen of 
each of which Heads the Reader will find in the fubfequent delineations , 
and indeed of feme more then I was willing there fhould be ; which was 
occasioned by my firfl Intentions to print a much greater number then I 
have fince found time to compleat. Of fuch therefore as I had, I felett- 
edonly feme few of every Head \ which for feme particulars feemdmofiob- 
fervable , rejetting the refi as fuperfhiom to the prefent Defign. 

What each of the delineated Subjetts are, the following deferiptions an- 
next to each will inform,of which I fij all here, only once for all, add. That 
in divers cf them the Gravers have pretty well follow'd my direttions and 
draughts ; and that in making of them , I indeavoured (as far as Iwas 
able j firfl to difeover the true appearance , and next to mak§. a plain re- 
prefentation of it. This I mention the rather, becaufe of thefe kind of 
Objetts there is much more difficulty to difeover the true ftl.mpe , then of 
thofe vifible to the naked eye, the fame Objett feeming quite differing, in 
one pofition to the Light, from what it really is, and may be difeover d 
in another. And therefore I never began to make any draught before by 

many examinations in fever al lights, and in fever al pofitions to thofe 
lights, I had difeover’ d the true form. For it is exceeding difficult in 
feme Objetts, to difiinguifh between a prominency and rfdepreffion, 
between a ftiadow and a black ftain, or a refle&ion and a whitenefs 
in the colour. Befides, the tranffarency of moft Objetts renders them 
yet much more difficult then if they were opacous. floe Eyes of a Fly in 
one kind of light appear almofi like a Lattice , drill d through with abun- 
dance of fmall holes ; which probably may be theReafon , why the Ingeni- 
ous Dr. Power feems to feppofe them fuch. In the Sunfhine they look, 
like a Surface cover’d with golden Nails ; in another poflurejike a Sur- 
face cover’d with Pyramids ; in another with Cones ; and in other po- 
fiuxes of quite other fb apes ; but that which exhibits the beft,^ is the Light 

colletted on the Objett, by thofe means I have already deferib'd. 

And 
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And this was undertaken in profee cution of the Defign which the ROY- 
AL SOCIETY has propos’d to it felf.For the Members of the A ffembly ha- 
ving before their eys feomany fatal Infiances cf the errors and fatfhoods, in which 
the greatefipart of mankind has feo long wandred, becaufe they rely d upon the 
firength of humane Reafeon alone, have begun anew to corrett all Hy- 
pothefes by fenfee, as Seamen do their dead Reckonings by Coeleftial 
Obfervations;m/ to this purpofe it has been their principal indeavour to en- 
large is? ftrengthen the Senfes by Medicine, and by fuck outward Inftru- 
ments as are proper for their particular works- By this means they find fome 
reafeon to fuff ett, that thofe effetts of Bodies, which have been commonly attri- 
buted to Qualities, and thofe confefi’d to be occult, are perform'd by the 
^//Machines of Nature, which are not to be difeernd without thefe helps , 
feeming the meerprodutts of Motion, Figure, W Magnitude; and that the 
Natural Textures, which feme call the Plaftick faculty, may be made in 
Looms ,which a greater perfettion of Opticks may make difecernable by thefe 
Glaffesfo as now they are no mere puzzled about them, then the vulgar are to 
tonceivefeowTape&ry or fiowred Studs are woven. And the ends of all thefe 
Inquiries they intend to be the Pleafure cf Contemplative minds, but above, 
all,t he cafe and ch (patch of the labours of mens hands .Theydo indeed neg- 
lett no opportunity to bring all the rare things of Remote Countries within the 
compafi of their knowledge and prattice.But they _ fill ackpowledg their moft 
ufeful Informations to arifefrom common things, and from diverfify in<? 
their moft ordinary operations upon them. They do not wholly rejett Experi- 
ments of meer light and theory ; but they principally aim at fuch, whofe 
Applications will improve and facilitate the prefent way ^/Manual Artl 
Andthough feme men, who are perhaps taken up about lefi honourable Em 

£ TrddTfi 0 ce ^ re f eir r«ee^gs, yet they can Jhe«more 
s of their firfl three years, wherein they have ajfembkJ^ then am other 

Society m Europe can for a much larger ftaceoftime.’Ti, true ,f7ch un- 
dertakptgs at them Jo commonly meet mh fmaUbtcouragment , becaufe 
men are generally rather takfnmh the plaufible WdifLfive then the 
rea and thefolid part of Philofephy ; yet by the good fortune of their Mitu- 
ion,man ge of all others the moft inquifitive,^ have been aEiftpdhv ths 
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and others jvho are fome of the mod confiderable in their fever al P rcfejfions. 
But that that yet farther convinces me of the Real efteem that the more fe- 
rious part of men have of this Society ,is,that fever al Merchants, men who 
aSi in earneft(whofe Object vs meum is? tuum ,that great Rudder of humane 
affairsfihave adventur'd confiderable [urns of Money, to putin practice what 
fome of our Members have contrived ', and have continued ftedfaft in their 
good opinions of fuch Indeavours, when not one of a hundred of the vulgar 
have believed their undertakings feaf able. And it vs alfofit to be added, that 
they have one advantage peculiar to themfelves,that very many of their num- 
ber are men of Converfe and Traffick ; which vs a good Omen, that their 
attempts will bring Philofophy from words to z&ionfeeing the men ofBufi- 
neft have had fo great a flare in their fir fl foundation. 

And of this kind I ought not to conceal one particularGcneroUty , which mor e 
nearly concerns my felf.lt is the munificence ofSir JohnCutler,?# endowing 
a LeUture for the promotion of Mechanick Arts ,to be governed and directed 
byThiSodtVj JhisBounty I mention for the Honourablenefs of the thing it 
f elf and for the expettation which I have of the efficacy of the Example ; fot 
it cannot now be objected to themyhat their Defigns will be efieemed frivolous 
and\ ain, when they have fuch a real Teftimony of the Approbation of 
a Man that vs fuch an eminent Ornament cf this renowned City , and one , 
who, by ^Variety, and Chappy Succefs, of his negotiations, has given 
evident proofs, that he is not eafie to be deceiv'd. This Gentleman has well 
obfervd, that the Arts of life have been too long imprifon'd in the dark 
flops of Mechanicks themfelvesfir there hindred from growth .either by ig- 
nor ance, or f elf -inter ejhand he has bravely treed them from thefe inconveni- 
ences 'Me hath not only obliged T radcfmcn^wt Trade it felfiUe has done a 
work that is worthy of London, and has taught the chief City of Commerce 
in the world the right way how Commerce is to be improv'd. We have already 
feen many other great figns of Liberality and a large mind, from the fame 
hand: For by his diligence about t&Corporation for the Poorly bis hono- 
rable Subfcriptions/or the rebuilding of St.Paul s:by his chcarful Disburf- 
ment for the replanting ofhehnd,and by many other fuch publick works, 
he has flewn by what means he indeavours to eftablifh his Memory ; and 
mw by this {aft gift he has done that, which became one of the wifeft Citizens 
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of our Nation to accomplifl , feeingone cf the wifeft oi our Stateimen,the 

Lord Verulam, fir ft propounded it. , 

But to return to my Subject, from a digreffion, which , Ihope,my Header 
will pardon me, feeingthe Exampleis fo rare that I can make no more fuch 
digreffions. If thefe my firft Labours ft: all he ary wayes ufefulto inqui- 

ring men, I mu ft attribute the incouragement and promotion of them to a ve- 
ry Reverend W Learned Perfon, 0/ whom this ought injuftice to befaid. 
That there is fcarceany one Invention, which this Nation has pro- 
duc’d in our Age, but it has fome way or other been fet forward by 
his afliftance. My Reader,! believe, mil quickly ghefl, that it is Dr. Wil- 
kins that I mean. Ne is indeed a manborn for the good cf mankind, and for 
the honour of his Couutry. In the tweetnefs of whofe behaviour, m the 
calmnefs of his mind,, in the unbounded goodnefs oj his heart, we have 
an evident Inftance, what the true and the primitive unpaffionate Religi- 
on was , before it was fowred by particular Factions. In a word, his Zeal 
has been fo conftant and efte&ual in advancing all good and profitable 
Arts flat as one of theAntient Romans [aid of Scipio, That he thanked 
God that he was a Roman ; becaufe whereever Scipio had been born, 
there had been the feat of the 1 Empire ot the world : So may I thank. 
God, that Dr. Wilkins was an Englifhman, for whereever he had lived, 
there had been the chief Seat of generous Knowledge and true Philoto- 
phy. To the truth of this fiber e are fo many worthy men living that will fuh T 
feribe, that I am confident, what 1 have here faid, will not be lookdupon, 
by any ingenious Reader, as a Panegyrick but only as a real teftt- 

_ _ *'• *' ■ * \ . r - • \ ’ . _ ~ t - • — -V* 
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jo eminent ct Pevjon as Dr. Wren y who wm the fivji that attempted cuiy 
thing f this nature ; whofe original draughts do now mak$ one of the Orna- 
ments of that great Collefiion cf Rarities in the Kings Clofet. This Ho- 

nor, which his firft beginnings of this kind have receiv'd, to be admitted in- 
to the moft famous place cf the worldfiid not fo much incourage as the ha- 
zard of coming after D r . Wren did affright me ; for of him I mull affirm 
that, fincethe time cf Archimedes, there fear ce ever met in one man, info 

great 
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great a perfection, fuch a Mechanical Hand, and fo Philofophical a 
Mind. 

But at lacking affured both by Dr. Wilkins, and Dr> Wren himfelf, 
that he had given over bit intentions of profecuting it, and mi jindingthat 
there was any elfe defigrid thepurfuing of it,Ifet upon this undertaking, and 
was not a little incouragd toproceedin it,bythe Honour theK oyal Society 
was pleas dto favour me with fin approving of thofe draughts (which from 
time to time as I had an opportunity of deferibing) I printed to them. And 
particularly by the Incitements of divers of thofe Noble and excellent Per - 
fons of it, which were my more effecial Friends,who were not left urgent with 
me for thepublifiing, then for the profecution of them. 

After I had almoji compleated thefe Pittures and Obfervations (ha- 
ving had divers of them ingraven , and was ready to fend them to the 
Prefiy 1 was inform d , that the Ingenious Phyfitian Dr. Henry Power 
had made fever al Microfcopical Obfervations,whicb had l not afterwards, 
upon oar inter changably viewing each others Papers, found that they . wete 
for the moflpart differing from mine, either in the SubjeCi itfelj , or in the 
particulars taken notice of ; and that his defign was only to print Cbfer- 
vations without Pittures,! had even then fuppreffed whatlhad fo far pro- 
ctededin. But being further excited by fever al of my Friends , in comply - 
ance with their opinions, that it would not be unacceptable to fever al inqui- 
fitive Men, and hoping alfo, that I fbould thereby difeover fmethng 
New to the World, I have at length caji in my Mite, into the vaft Treafu- 
ry of A Philofophical Hiftory . And. it h ^hope, as well asboM, that 
thefe my Labours will be no more comparable to the Productions of many 
other Natural Philofophers, who are now every where bufie about greater 
things - then my little Objefts are to be compar dto the greater and more 
beautiful Works of Nature, A Flea, a Mite, a Gnat, to anhorfe,an Ele- 
phant , or a Lyon . 
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great a perfection, fuch a Mechanical Hand, and fo Philofophical a 

Mind. 

But at lafl,being affuredboth by Dr. Wilkins,^ Dr, Wren himfelf 
that he had given over hi a intentions of profecuting it, and not finding that 
there was any elfe defign'dthepurfuing of it, 1 fet upon this undertaking, and 
was not a little incourag d to proceed in it,bythe Honour the Royal Society 
was pleas'd to favour me with fin approving of thofe draughts (which from 
timetotime as lhad an opportunity of defending) I preferred to them. And 
particularly by the Incitements of divers of thofe Noble and excellent Per- 
fons of it, which were my more effect a l h riends,who were not lefl urgent with 
me for thepublifinng, then for the profecution of them. 

After I had almofi compleated thefe Pictures and Obfervations (ha- 
ving had divers of them ingraven , and was ready to fend them to the 
Prefi) I was inform'd, that the Ingenious Phyfitian Dr. Henry Power 
had made fever al Microfcopical Obfervaiions,whicb had l not afterwards, 
upon oar interchangably viewing each others Papers, found that they weie 
for the mojl part differing from mine, either in the SubjeCt it felj , or in the 
particulars taken notice of; and that his defign was only to print Obfer- 
vations without Pidures,! had even then hupp refled what lhad fo far pro- 
ceeded in. But being further excited by fever al of my Friends, in comply- 
ancewith their opinions, that it would not be unacceptable to fever al inqui- 
fitive Men, and hoping alfo , that I flmld thereby difeover fmething 
New to the World, I have at length cafi in my Mite, into the vafi Treafu - 
ry of A Philofophical Hiftory . And it is my hope, as well as belief^ that 
thefe my Labours will be no more comp arable to the Produ&ions of many 
other Natural Philofophers, who are now every where bufie about greater 
things; then my little Objects are to be compar'd to the greater and more 
beautiful Works of Nature, A Flea, a Mite, a Gnat , to an Horfe,an Ele- 
phant, or a Lyon. 

•oH t 'v — iih V . : ' V cU. 
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OR SOME 

Phyfiological Defcriptions 

MlNUTEfiODIES* 

MADE BY 

MAGNIFYING GLASSES) 

WITH 

Observations and l n q_u i r I £ s thereupon. 



Obferv. I. Of the Point of, a fharp fmall Needle* 

)S in Geometry , the moft natural way of beginning is Sehtm. 2„ 
k from a Mathematical point $ lb is the fame method in Fig.i , ° 
Oblervations and Natural hifory the moft genuinedim- 
pie, and inftrufrive. We muft firft endevour to make 
letters , and draw fugle ftrokes true , before we ven- 
ture to write whole Sentences , or to draw large Pi- 
ll ures. And in Thyfcal Enquiries, we muft endevour 
, . . „ r to follow Nature in the more plain and eafte ways fhe 

treads in the moltfmple and uncompounded bodies , to trace her ftens and 
be acquainted with her manner of walking there, before we vent me our 
felves into the multitude of wanders fahnm bodies of a more complies 
^nature, left, being unable todiftingUifti and judge of our way, we 
quickly lofe both Nature our Guide, and our felves too, and are left to wan- 
der in the labyrinth of groundleft opinions 5 wanting both judgment that 
^ ‘?l ert . eKce > *!»« ^whichlliould direct our proceedings’ 

We wih begin thefeour Inquiries therefore with the Obfervations of 
Bodies of the moftfmple nature firft,and fo gradually proceed to thole of a 
ihore compounded one In profecution of which method, wc lhall begin with 

eye cannot diftinguifli any parts of it : ItVeryl eafily 

way through all kind ofbodiesfofter then itfelf-BuMf ld .™akes its 

good find thM the 

B fenfe 
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fenfe very ^w;£) appears a broad, blunt, and very irregular end 3 notrefem- 
bJing a Cone, as is imagin’d, but onely a piece of a tapering body, with a 
great part of the top remov’d, or deficient. The Points of Pins are yet 
more blunt, and the Points of the molt curious Mathematital Inftruments 
do very feldome arrive at fo great a fharpnefs 5 how much therefore can 
be built upon demonftratiens made onely by the productions of the Ru- 
ler and Compafles, he will be better able to confider that (hall but view 
thofe points and lines with a Microfcope . 

Now though this point be commonly accounted the fharpeft (whence 
when we would exprefsthe fharpnefs of a point the moft fperlatively , we 
fay, As fharp as a Needle) yet the Microfcope can afford us hundreds of In- 
ftances of Points many thoufand times {harper : fuch as thofe of the hairs, 
and br files, and claws of multitudes of Infill s 3 the thorns, or crooks , or 
hairs of leaves, and other fmall vegetables 3 nay, the ends of the ftirta or 
fmall paraUelipipeds of Amianthus , and alitmen plumofum 3 of many of 
which, though the Points are fo fharp as not to be vifible, though view’d 
with a Microfcope (which magnifies the ObjeCt, in bulk, above a million of 
times) yet I doubt not, but were we able pratfically to make Microfcopes 
according to the theory of them, we might find hills, and dales, and pores, 
and a fuflicient bredth, or expanfion, to give all thofe parts elbow-room, 
even in the blunt top of the veryPoint of any of thefe lb very fharp bodies. 
For certainly the quantity or extenfion of any body may be Divifible in in- 
finitum , though perhaps not the matter. 

But to proceed : The Image we have here exhibited in the 
firft Figure, was the top of a fmall and very fharp Needle, whole 
point a a neverthelefs appear’d through the Microfcope above a 
quarter of an inch broad, not round nor flat , but irregular and un- 
even 5 fo that it feem’d to have been big enough to have afforded a 
hundred armed Mites room enough to be rang’d by each other without 
endangering the breaking one anothers necks, by being thruft off on ei- 
ther fide. The furface of which, though appearing to the naked eye very 
fmooth,could not neverthelefs hide a multitude of holes and feratchcs and 
ruggednefles from being difeover’d by the Microfcope to inveft it, feveral 
of which inequalities (as A,B,C, feem’d holes made by fome fmall fpccks of 
Rujl 3 and D fome adventitious body , that fhick very clofe to it) were ca- 
fual. All the reft that roughen the furface, were onely fo many marks of 
the rudenefs and bungling of Art. So unaccurate is it, in all its producti- 
ons, even in thofe which feem moft neat, that if examin’d with on organ 
more acute then that by which they were made, the more we fee of their 
fhape , the lefs appearance will there be of their beauty : whereas in the 
works of Nature , the deepeft Difccveries fhew us the greateft Excellen- 
cies. An evident Argument, that he that was the Author of all thefe 
things, was no other then Omnipotent 3 being able to include as great a va- 
riety of parts and contrivances in the yet fmalleft Difcernable Point, as in 
thofe vafter bodies (which comparatively are called alfo Points) fuch as 
the Earth , Sun, or Planets. Nor need it feem ftrange that the Earth it fe If 
may be by an Analogic call’d a l Phyfical Point:For as its body, though now 

fo 




Robert hooke Micrographia London , 1 



M I C R O G R A P H 1 A, 



3 



fb near us as to fill our cys and fancies with a fenfe of the vaftnefs of it, 
may by a little Diftance, and fome convenient Diminifhing Glafles, be 
made vanifh into a fcarce vifible Speck, or Point (as I have often 
try’d on the Moon, and (when not too bright) on the Sun it felfi) So, 
could a Mechanical contrivance fuccesfully anfwerour Theory, we might 
fee the leaft fpotas big as the Earth it felf 3 and Difcover, as Des Cartes Dtep ck. 
alfo conjectures, as great a variety of bodies in the Moon, or Planets , as in I0> V 9 . 
the Earth. 

But leaving thefe Difcoveries to future Induftries, we fhall proceed to 
add one Obfervation more of a point commonly fo call’d, that is, the mark 
of a full Jlop, or period. And for this purpofe I obferved many both printed 
ones ana written 3 and among multitudes I found few of them more round 
ox regular then this which I have delineated in the third figure of the fe- 
cond Scheme, but very many abundantly more disfigur'd 3 and for the 
moft part if they f eem’d equally round to the eye, I found thofe points 
that had been made by a Copper-plate, and Roll-prefs, to be as misfhapen 
as thofe which had been made with Types, the moft curious and fmothly 
engraven firokes and points, looking but as fo many furrows and holes , and 
their printed imprejjions, but like fmutty daubings on a matt or uneven 
floor with a blunt extinguilht brand orftick's end. And as for points 
made with a pen they were much more rugged and deformed. Nay, having 
view’d certain pieces of exceeding curious writing of the kind (one of 
which in the bredth of a two-pence compris’d the Lords prayer, the Apofiles 
Creed, the ten Commandments, and about half a dozen verfes befidesof the 
Bible, whole lines were fo fmall and near together, that I was' unable to 
number them with my naked eye, a very ordinary Microfcope, I had then a- 
bout me, inabled me to fee that what the Writer of it had' afferted was 
true, but withall difeover’d of what pitifull bungling fribbles and [crawls 
it was compos d ^Ar abian and China characters being almoft as well fhao’d ~ 
yet thus much I niuft fay for the Man, that it was for the moft part legible 
enough, though m fome places there wanted a good fantfwell proofed 
to help one through. If this manner offma/l writing weremade eafic and 
pra tcable (and I think I know fuch a one, but have never yet made 
tryalofit, whereby one might be inabled to write a great dealeihhJucl 
eafe , and accurately enough in a very little roome ) it might be of verv 

andatffle 
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found Room in this Plate to have inferted an O you fhould have feen that 
the letters were not more diftind then the points of Diftin&ion, nor a 
drawn circle more exadly y^then we have now fiiown a point to be a point. 



Scbem. 2 . 
Fig. 2. 



Obferv. II. Of the Edge of a Razor. 

T He fharpeft Edge hath the fame kind of affinity to the fharpeft Point 
in Phyficks, as a line hath to a point in Mathematicks 5 and therefore 
the Treaty concerning this, may very properly be annexed to the for- 
mer. A Razor doth appear to be a Body of a very neat and curious a- 
fped, till more clofely viewed by the Microfcope , and there we may ob- 
ferve its very Edge to be of all kind of (hapes, except what it ffiould be. 
For examining that of a very fharp one, I could not find that any part of 
it had any thing of fharpnefs in it , but it appear’d a rough furface of a 
very confiderable bredth from fide to fide, the narrowed part not fecm- 
ing thinner then the back of a pretty thick Knife. Nor is’t likely that it 
fhould appear any otherwife, fince as we juft now fhew’d that a point ap- 
pear’d a circle , ’tis rational a line fhould be a parallelogram. 

Now for the drawing this fecond Figure(which reprefents a part of the 



Edge about half a quarter of an inch long of a Razor well fet) I io plac’d it 
between the Objed-glafs 8c the light. that there appear’d a refle&ion from 
the very Edge,reprefented by the white line abcdef. In which you may 
perceive it to be fomewhat fharper then elfewhere about d, to be indent- 
ed or pitted about A, to be broader and thicker about c , and unequal 
and rugged about e, and pretty even between a b and e f. Nor was that 
part of the Edge g h i fo fmooth as one would imagine fo fmooth bo- 
dies as a Hone and Oyl fhould leave it ; for befides thole multitudes of 
foratches, which appear to have raz’d the furface gh i and to crofs 
each other every way which are not half of them expreft in the Figure, 
there were feveral great and deep fcratches, or furrows, fuch as g h and 
i 4, which made the furface yet more rugged, caus’d perhaps by fome 
finall Dufc cafually falling on the Hone, or fome harder or more flinty 
part of the Hone it felf. The other part of the Razor / /, which is poliflf d 
on a grinding-ftone, appear’d much rougher then the other, looking al- 
moft like a plow’d field, with many parallels, ridges, and furrows, and a 
cloddy, as ’twere, or an uneven furface : nor fhall we wonder at the 
roughnefles of thofe furfaces , fince even in the moft curious wrought 
Glafles for Microfcopes , and other Optical ufes, I have, when the Sun has 
(hone well on them, dilcover’d their furface to be varioully raz d or 
fcratched, and to confift of an infinite of fmall broken furfaces, which re- 
flect the light of very various and differing colours. And indeed it teems 
impoffible by Art to cut the furface of any hard and brittle body fracoth, 
fince Putte, or even the moft curious Powder that can be made ufe of, to 
polifhfuch a body, muft confift of little hard rough particles, and each of 

them muft cut its way, and confequently leave fome kind of gutter or 

furrows 
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furrow behind it. And though Nature does feem to do it very readily m 
all kinds of fluid bodies, yet perhaps future obfervators may difeover 
even thefe alio rugged $ it being very probable, as I elfewhere fhew, that 
fluid bodies are made up of fmall folid particles varioufly and ftrongly 
mov’d, and may find reafon to think there is fcarce a furface in rerum na~ 
turd perfeftly fmooth. The black fpot m I ghefs to be fome fmall 
fpeck of ruft, for that I have oft obferv’d to be the manner of the working 
of Corrofive Juyces. To conclude, this Edge and piece of a Razor, if it 
had been really fuch as it appear’d through the Microfcope , would fear ce- 
ly have ferv’d to cleave wood, much Ids to have cut off the hair of beards* 
unlefs it were after the manner that Lucian merrily relates Charon to have 
made ufe of, when with a Carpenters Axe he chop’d oft' the beard of a fage 
Philofopher, whole gravity he very eautioufly fear’d would indanger the 
overfetcing of his Wherry. 



Obferv. III. Of fine Lawn , or Linnen Cloth, 



■ ms lauiiumti piuuuu: oi /vre, n. piece or tne nneit Lawn l was able 
to get, fo curious that the threads were fcarce difcernable by the na- 
ked eye, and yet through an ordinary Microfcope you may perceive what 
a goodly piece ofcoarf Matting it is 3 what proportionable cords each of 
its threads are, being not unlike, both in lhape and fize, the bigger and 
coarfer kind of fngle Rope-yarn^/ herewith they ufually make Cables. That 
which makes the Lawn lo tranfparent, is by the Microfcope , nay by the 
naked eye, if attentively viewed, plainly enough evidenced to be the 
multitude offquare holes which are left between the threads, appearing 
to have much more hole m refped of the intercurrent parts then is for the 

a lkt,erefOTbk ’ °” c| y 

fma^hS ‘ b °ngh are as 

nothing of their g.offie, 

informed both by the Inventor himfelf nnVl f i t ^k a ^ e been 
that though the liax.out Xhich Tis Ije hlX™ 
that excellent Perfon, and Noble Wa fe “ fin J «“ lar art > of 

the Duke ofNorfvliyo cuiioiiile ,hr f.'.t 'j brother to 

the eve and the touch TEl ^and a. d j“ “ a PP ear botb » 

of colours, as well as Sleave-Silk • vet J? rccclve all kinds 

threads, h quite lofeth into 

a thread to look on, as one of the feme' ht^r bc “ m “ as P lai " an d bafe 
Therealon of which odd nl blg n eE = madc of common Flax, 
though the curioufly dreft Flax has irs n ° or ^ er ^ ien this 5 that 

tuting filaments are lb great, and their fubAances^o v^ritnas,^hat whereas 
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thofe of the Sil^ arc finally ound^ hard t tranfparent , and to their bignefi 
proportionably jhff \ lb as each filament preferves its proper Figure , and 
confequently its vivid reflection intire, though twilled into a thread if 
not too hard ; thofe of Flax are flat , limber Jofter> and lefl tranflarent , and 
in twilling into a thread they joyn,and liefo clofe together, as to lofe their 
own, and dellroy each others particular reflexions. There feems there- 
fore three Particulars very requifite to make the fo drell Flax appear Silk 
alfo when fpun into threads. Firft, that the fubllance ofitlhould be 
made more clear and tranfparent , Flax retaining in it a kind of opacatina 
brown, or yellow ; and the parts of the whitellkind I have yet obferv'd 
with the Microflcope appearing white, like flaw’d Horn or Glafs, rather 
then clear, like clear Horn or Glafs. Next that, the filaments Ihould each 
of them be rounded , if that could be done, which yet is not lb very necel- 
fary, if thefirll be perform'd, and this third, which is, that each of the 
fmall filaments be flifned ; for though they be fquare, or flat, provided 
they be tranflarent and ftiff, much the fame appearances mull ncceflarily 
follow. Now, though I have not yet made trial, yet I doubt not, but that 
both thele proprieties may be alfo induc’d upon the Flax,and perhaps too 
by one and the lame Expedient, which fome trials may quickly inform any 
ingenious attempter of, who from the ufe and profit of fuch an Invention, 
may find fufficient argument to be prompted to fuch Inquiries. As for 
the tenacity of the fubllance of Flax, out of which the thread is made, it 
feems much inferiour to that of Silk, the one being a vegetable , the 
other an animal fubftance. And whether it proceed from the C better con- 
coXion, or the more homogeneous conllitution of animal fubllance9 
above thole of vegetables , I do not here determine; yet fince I ge- 
nerally find, that vegetable fubllances do not equalize the tenacity of anU 
malt nor thefe the tenacity of fome purified mineral fubllances; I am 
very apt to think, that the tenacity of bodies does not proceed from the 
hdmous^ov hooked particles, as the Epicureans , and lorne modern rhilofo - 
pkers have imagin’d ; but from the more exaX congruity of the confti- 
tuent parts, which are contiguous to each other, and lb bulky, as not to 
be eafily leparated, or lhatter’d, by any Imall pulls or conculfion of 
heat. 



Oblerv. I V. Of fine waled Silk-, or Taffety. 

T His is the appearance of a piece of very fine Taffety-riband in the 
bigger magnifying Glals, which you fee exhibits it like a very con- 
venient fubllance to make Bed-matts,or Door- marts of, or to lerve for Bee- 
hives, Corn-fcuttles, Chairs. or Corn-tubs, it being not unlike that kind of 
work, wherewith in many parts in England , they make fuch Utenfils of 
Straw, a little wreathed,and bound together with thongs of Brambles. For 
in this Contexture, each little filament, fiber, or clew of the Silk-worm, 
feero’d about the bignefs of an Ordinary Straw, as appears by the little ir- 
regular 
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thole of the Silk^ are finally ound, hard , tranjparent , and to their bignels 
proportionably ftijf \ lb as each filament preferves its proper Figure, and 
confequently its vivid reflection intire, though twilled into a thread, if 
not too hard ; thofe of Flax are flat , limber, fofter, and lej ? tranflarent , and 
in twilling into a thread they joyn,and lie fo clofe together,as to lole their 
own, and deftroy each others particular refle&ions. There feems there* 
fore three Particulars very requifite to make the lb dreft Flax appear Silk 
allb when fpun into threads. Firft, that the fubftance of it Ihould be 
made more clear and tranjparent , Flax retaining in it a kind of opacating 
brown, or yellow ; and the parts of the whiteft kind I have yet obferv’d 
with the Microfcope appearing white, like flaw’d Horn or Glals, rather 
then clear, like clear Horn or Glals. Next that, the filaments Ihould each 
of them be rounded , if that could be done, which yet is not fo very neceft 
fary, if the firft be perform’d, and this third, which is, that each of the 
fmall filaments be flifned ; for though they be fquare, or flat, provided 
they be tranflarent and ftiff, much the fame appearances mult neceflarily 
follow. Now, though I have not yet made trial, yet I doubt not, but that 
both thele proprieties may be alfo induc’d upon the Flax,and perhaps too 
by one and the lame Expedient, which fome trials may quickly inform any 
ingenious attempter of, who from the ufe and profit of fuch an Invention, 
may find fufficient argument to be prompted to fuch Inquiries. As for 
the tenacity of the fubftance of Flax, out of which the thread is made, it 
feems much inferiour to that of Silk, the one being a vegetable , the 
other an animal fubftance. And whether it proceed from the better con- 
coition, or the more homogeneous conftitution of animal fubftance9 
above thole of vegetables , I do not here determine; yet fince I ge- 
nerally find, that vegetable fubftances do not equalize the tenacity of ani^ 
mal , nor thefe the tenacity of fome purified mineral fubftances ; I am 
very apt to think, that the tenacity of bodies does not proceed from the 
hamons, or hooked particles, as the Epicureans , and Ibme modern Thilofo - 
phers have imagin’d ; but from the more exaft congruity of the confri- 
tuent parts, which are contiguous to each other, and lb bulky, as not to 
be eafily leparated, or lhatter’d, by any Imall pulls or concufiibn of 
heat. 
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Obferv. I V. Of fine waled Silk-, or Safety. 
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T His is the appearance of a piece of very fine Taffety-riband in the 
bigger magnifying Glals, which you fee exhibits it like a very con- 
venient fubftance to make Bed-matts,or Door-matts of,or to lerve for Bee- 
hives, Corn-fcuttles, Chairs, or Corn-tubs, it being not unlike that kind of 
work, wherewith in many parts in England, they make fuch Utenfils of 
Straw, a little wreathed, and bound together with thongs of Brambles. For 
in this Contexture, each little filament, fiber, or clew of the Silk-worm, 
feera’d about the bignels of an ordinary Straw, as appears by the little ir- 
regular 
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regular pieces, a b,c d, and ef \ The Warp, or the thread that ran eroding the 
Riband, appear’d like a Angle Rope of an Inch Diameter 5 but the Woof, 
or the thread that ran the length of the Riband, appear’d not half lb 
big. Each Inch of fix-peny-b'road Riband Appearing no lefs then a piece 
of Matting Inch and half thick, and twelve foot fquare 5 a few yards of 
this, would be enough to floor the long Gallery of the Lowe st Paris. 
But to return to our piece of Riband : It affords us a not un plea fan t ob- 
jed, appearing like a bundle, or wreath, of very clear and tranfpgrent 
Cylinders, if the Silk be white, and curioufly ting’d ^ if it be colour’d, each 
of thofe fmall horney Cylinders affording in fome place or other of them, 
as vivid a reflexion, as ifit had been fent from a Cylinder of Glafs or Horn* 
In-fb-much, that the refledions of Red, appear’d as if coming from fb 
many Granates , or Rubies. The lovelinefs of the colours of Silks above 
thofe of hairy Stuffs,or Linnen,confifling.as I elfe-where intimate, chiefly id 
the tranfparency, and vivid refledions from the Concave, or inner fur face 
of the traufarent Cylinder , as are alfp the colours of Precious Stones , 
for moft of the refledions from each of thefe Cylinders , come from the 
Concave furfaceofthe air, which is as ’twerethe foil that incompaffes the 
Cylinder. The colours with which each of thefe Cylinders are ting’d, feem 
partly to be fuperheial, and flicking to the out-fides of them 5 and partly, 
to be imbib’d, or funck into the fubflance of them ; for Silk, feeming to 
be little elfe then a dried thread of Glew, may be fuppos’d to be very 
eafily relaxt,and foftened, by being deeped in warm, nay in cold, if pene- 
trant, juyees or liquors. And thereby thofe tindures, though they tinge 
perhaps but a fmall part of the fubflance, yet being fo highly impregnated 
with the colour, as to be almofl black with it, may leave an impreffion 
ftrong enough to , exhibits the defil'd colour. A pretty kinde rf urtifi- 
aa s tuff I have feen looking alntoftlike tranfparent Parchment, Horn 

Or Iunp-plafs’ and nerhans i*. — i 1 ^ 1 , * 



*ugu, water, as I round upon trial, had imbib'd, and did remain ting’d 
with a great variety of very vivid colours, and to the naked eye it look’d 
very like the fubflance of the Silk. And I have often thought hat pro- 
bably there might be away found out, to make m f.P 10 

eompofition, much refembling, if not full as good', nay betted fhen"hat 
lyan fifd v2y quXXaTsrf? '*&* 
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Obferv. V. Of watered Silks , or Stuffs. 

T Here are but few Artificial things that are worth observing with a 
Microfeope 3 and therefore I (hall (peak but briefly concerning them* 
For the Productions of art are fuch rude miffhapen things, that when 
view'd with a Microfeope, there is little elfe obfervable,but their deformity. 
The moft curious Carvings appearing no better then thole rude Ruffian 
Images we find mention’d in Purchas , where three notches at the end of a 
Stick, flood for a face. And the moft fmooth and burnifti’d furfaces appear 
moft rough and unpolifht : So that my firft Reafon why I (hall add but a 
few obfervations of them, is, their mif-ftiapen form 3 and the next, is their 
ufelefsnefs. For why (hould we trouble our felves in the examination of 
that form orlhape (which is all we are able to reach with a Microfeope) 
which we know was defign'd for no higher a ufe, then what we were able 
to view with our naked eye? Why (hould we endeavour to difcover 
myfteries in that which has no luch thing in it > And like Rabbins find out 
Caballifms, and enigmas in the Figure, and placing of Letters, where no 
f uc h thing lies hid : whereas in natural forms there are fomefofmall, and 
fo curious, and their defign’d bufinefs (b far remov’d beyond the reach of 
our fight, that the more we magnify the objeCt, the more excellencies and 
myfteries do appear 3 And the more we difcover the imperfections of our 
fenfes, and the Omnipotency and Infinite perfections of the great Crea- 
tour. I (hall therefore onely add one or two Obfervations more of artifi- 
cial things, and then come to the Treaty concerning fuch matters as are 
the Productions of a more curious Workman. One of thefe,(hall be that 
of a piece of water’d Silk, reprefented in the fecond Figure of the third 
Scheme, as it appear’d through the leaft magnifying Glafs. A B. (ignifying 
the long way of the Stuff, and C D the broad way. This Stuff, if the right 
fide of it be looked upon, appears to the naked eye, all over fo waved, 
undulated, or grain’d, with a curious, though irregular variety of brigh- 
ter and darker parts, that it adds no (mail gracefulnefs to the Glofs of it. 
It is fo known a propriety, that it needs but little explication, but it is ob- 
fervable, which perhaps everyone has not confidered, that thole parts 
which appear the darker part of the wave, in one pofition to the light, in 
another appears the lighter, and the contrary ,and by this means the undu- 
lations become tranfient, and in a continual change, according as the po- 
fition of the parts in refpeCt of the incident beams of light is varied. The 
reafon of which odd phenomena, to one that has but diligently examind 
it even with his naked eye, will be obvious enough. But he that obferves 
it with a Microfeope , may more eafily perceive what this Proteus is, and 
how it comes to change its (hape. He may very eafily perceive, that it 
roceeds onely from the variety of the Befell ions of light, which is caus d 
y the various Jhape of the Particles, or little protuberant parts of the 

thread that compofe the furfacc 3 and that thofe parts o( the waves that 

appear 
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appear the brighter, throw towards the eye a multitude of (mall reflecti- 
ons of light, whereas the darker fearce afford any. The reafon of which 
reflection, the Microfeope plainly difeovers, as appears by the Figure. In 
which you may perceive, that the brighter parts of the furface confift of 
an abundance of large and ftrong reflections, denoted by a , a, a, a, a, &c. 
for the furfaces of thofe threads that run the long way, are by the Mecha- 
nical procefs of watering, creas’d or angled in another kind of pofture 
then they were by the weaving : for by the weaving they are onely bent 
round the warping threads 3 but by the watering, they are bent with an 
angle, or elborc , that is in (lead of lying, or being bent round the threads, 
as in the third Figure, a , a, a, a , a , are about b,b,b (b,b,b reprefonting the 
ends,as ’twere,of the croft threads,they are bent about) they are creas’d 
on the top of thofe threads, with an angle , as in the fourth Figure, and 
that with all imaginable variety 3 fo that, whereas before they reflected 
the light onely from one point of the round furface, as about c, c, c, they 
now when water’d, refleCt the beams from more then half the whole fur- 
facers de, de,de, and in other pofturcs they return no reflections at all 
from thofe furfaces. Hence in one pofture they compofe the brighter 
parts of the waves, in another the darker. And thefe reflections are alfo 
varied, according as the particular parts are varioudy bent. The reafon 
of which creating we (hall next examine 3 and here wemuft fetch our in- 
formation from the Mechanifm or manner ofproceeding in this operation 3 
which, as I have been inform’d, is no other then this. 

They double all the Stuff that is to be water’d, that is, they creafe it juft 
through the middle of it, the whole length of the piece, leaving the right 
fide ol the Stuff inward, and placing the two edges, or (ilvages juft upon 
one another,and,as near as they can, place the wale fo in the doubling of it 
that the wale of the one fide may lie very, near parallel, or even with the 
wale of the other 3 for the nearer that pofture they lie, the greater will 
the watering appear 3 and the more obliquely,or acroft to each other they 
lie the (mailer are the waves. Their way for folding it for a great wale 
is thus : they take a Pin, and begin at one fide of the piece in any wale,and 
lo moving it towards the other fide, thereby direCt their hands to the op- 
pofite ends of the wale, and then, as near as they can, place the two op- 
pofite ends of the fame wale together, and fo double, or fold the whole 
piece, repeating this enquiry with a Pin at every yard or two’s diftance 
through the whole length 3 then they fprinkle it with water, and fold it the 
longways placing between every (old a piece of Paftboard, by which 
means all the wrong fide of the water’d Stuff becomes flat, and with little 
wales, and the wales on the other fide become the more protuberant 
whence the creafings or angular bendings of the wales become the 2 
perfpicuous Having folded it in this manner, they pTac* 

v-len t I^ pi S; 
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manifeft to difcern the impreffions upon thefe wales, left by thofe that 
were preft upon them,which lying not exattly parallel with them, but a lit- 
tle athwart them , as is denoted by the lines o fy o o o 3 gb. gb,gh, between 
which the other wales did lie parallelsthey are fo variou(ly,and irregular- 
ly creas’d that being put into that fliape when wet, and kept fo till they be 
drie, they fo fet each others threads, that the Moldings remain almoft as 
long as the Stuff lafts. 

Hence it may appear to any one that attentively conhders the Figure, 
why the parts of the wale 4, 4, «, a, 4, a, Ihould appear bright * and why 
the parts ihould appear ihadowed, or dark} why fome, as 
d 3 dldM ihould appear partly light, and partly dark : the varieties of 
w hich reflections 2nd fhadows are the only caufe of the appearance of wa- 

tering in Silks, or any other kind of Stuffs. r 

From the variety of reflection, may alfo be deduc d the cauie why a 
imall breez or gale of wind ruffling the iurface of a imooth water, makes 
it appear black * as alfo, on the other fide, why the fmoothing or burnith- 
ing the furface of whitened Silver makes it look black 5 and multitudes of 
other phenomena might hereby be folv’d, which are too many to be here 
infifted on. 



Obferv. VI. Of [mail Otafs Cam. 

sthtm. 4. ii-'Hat I might be fatisfi’d, whether it were not poffible to make an 
I Artificial pore a s final/ as any Natural \ had yet found, I made fe- 
v „al attemps with ftnall glafipipe,, melted ,n the flame of a Lamp and 
then very fiddenly drawn out into a great length. And, by that mean,, 
whhout much difficulty, I was able to draw fome almoft as , foall at la 
Cobmeb, which yet, with the Micrefcope, I could plainly perceive to be 
terferat'd, both by looking on the end, of it, and by looking on it agarnfi 
Tlkbt 5 which was much the eafer tray to determine whether. t were 
Md or perforated; for, taking afmall plpeofglafs, and doling one 
end ofit^then filling it half f„U of water, and holding it agatnfi the light, 
f kv this means very eafily find what was the differing afpetl of a 

r„S nd a y ;“d piece of gWS ; and fo eafily diftinguifh, without 
foeins either end, whether any Cylinder of gla 6 1 look d on, werea filtd 
ftef 8 or a ho/lm cane. And by this means, I could alfo prefently fudge of 
rrvi-iii ftLmptjt of plafs whether it were hollow or vot 3 which would 
Tale bel^eedingSur.o examine by looking on theend. An 
manv fuch like ways I was fain tomake ufe of, in the examining of 
veB other particulars related in this Book, which would have been no 
lafie task to have determined meerly by the more common way of look- 
ingon orviewingtheObjeft. For, ifwcconllder firft, the very fatal 
St wherewith the objed is enlightened, whence many particles ap- 
pear opaecur, which when more enlightncd appear very 
that I was fain to determine Its tranfpareney J V one ? c f on 

by another Next, the unmanageabknefi of moft Objeth, by tealon 
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of their fmalnefs , 3, The difficulty of finding the defired point, and of 

placing it io, as to reded the light conveniently for the Inquiry, Laftiy, 
ones being able to view it but with one eye at once, they will appear no 
fmall obfiruUions, nor are they ealiiy remov’d without many contrivan- 
ces. But to proceed, I could not find that water, or fomc deeply ting'd 
liquors would in fmall ones rife lo high as one would expect 5 and the 
highefi I have found it yet rife in any of the pipes I have try’d, was to 
21 inches above the level of the water in the veftel : for though I found, 
that in the fmall pipes it would nimbly enter at firft, and run about 6 or 
7 inches upwards 3 yet I found it then to move upwards^ flow, that I 
have not yet had the patience to obferve it above that height of 2 1 in- 
ches (and that was in a pretty large ripe, in companion of thofe I for- 
merly mentioned 5 for I could oblerve the progrefs of a very deep ting’d 
liquor in it with my naked eye , without much trouble whereas many of 
the other pipes were fo very fmall, that unlels in a convenient pojlure to the 
light, I could not perceive them :) But us very probable, that a greater 
patience and ajfuluity may difeover the liquors to rife, at lead: to remain 
fufpended, at heights that I Ihould be loath now even to ghefs at, if at 
lead there be any proportion kept between the height of the amending 
liquor, and the bignefs of the holes of the pipes. 

An Attempt for the Explication of this Experiment. 

My Conjedure, That the unequal height of the fitrfaces of the water 
proceeded from the greater prejfure made upon the water by the Air 
without the Pipes ABC, then by that within them-, I lhall. endeavour to * ** 
confirm from the truth of the two following Proportions : 

The firft of which is. That an unequal prefiitre of the incumbent Air 
mu cauje an unequal height in the waters Surfaces. • * 

prefuti fcC ° nd IS5 Jhat m this ex P erimen * there is fuch an unequal 

That the fit ft is true, the following Experiment will evince For if 
you takeany Veftel fo contrived, as diat you can at pleafi^A^jf 
crcafe or dimimjh the preffire of the Air upon this or that part of the Su- 
pirJiues oUhc water the equality of the height of thofe parts will nre- 

(iire \vili if!’ T • ^ at P art °[ Superficies that fuftains the greater pref 
f : will be inferior to that which undergoes the lefs. A fit Veftel for 

ins purpole, will be an inverted Glafs Syphon, fuch an one as is defrrT 
bed in the Sixth Figure. For if into it you put Water enough rn fin v 

Sthlff at °fi yOUlhM ^'^SuperficLs*! 

thm there i, oj Water to the fame* 1 1 Gl 4‘,“«dfime other Bodies, 
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r , • faaltiefs 2 . The difficulty of finding the defined point, ^ n d of 
°i 1 ' iHo is to refled the light conveniently for the Inquiry, Laftiy, 
pi ThlX c to vfcw it but with eye at once, they will appear no 
Si S^ons } nor are they eafily reLvd without many 
L But to proceed, I could not find that water, or feme deeply tmgd 
liquors would in fmall ones rife fo high as one would expect; and the 
SS I have found it yet rife in any of the pipes I have try d was to 
2 1" inches above the level of the water in the veflel : for though I found 
that in the fmall pipes it would ninthly enter at firft, and run about .6 or 
7 inches upwards, yet I found it then to move upwards^ flow, that 1 
have not yet had the patience to obferve it above that height of 217*- 
c hes (and that was in a pretty large ripe, in companfon of thole I for- 
merly mentioned ; for I could oblerve the progrefs of a very deep ttngd 
liquor in it with my naked eye , without much trouble , whereas many of 
the other pipes were fo very fmall, that unlefs in a convenient pofture to the 
light, I could not perceive them :) But ’tis very probable, that a greater 
patience and ajjiduity maydifcover the liquors to rife, at leaft to remain 
fifpcnded, at heights that I Ihould be loath now even to ghefs at, if at 
leaft there be any proportion kept between the height of the attending 
liquor, and the bignefs of the holes of the pipes. 

An Attempt for the Explication of this Experiment. 

My Conjecture, That the unequal height of the Jurfaces of the water , ^ 
proceeded from the greater prejjure made upon the water by the Air 
without the Pipes ABC, then by that within them ; I fhall. endeavour to 
confirm from the truth of the two following Propofitions : 

The firft of which is, That an unequalprejjure of the incumbent Air, 
will caufe an unequal height in the water s Surfaces. • 

And the fecond is. That in this experiment there is Juch an unequal 
prejjure. 

That the firft is true, the following Experiment will evince. For if 
you take any Veflel fo contrived, as that you can at pleafure either in- 
creafe or diruinijh the prejjure of the Air upon this or that part of the Su- 
perficies oi the water , the equality of the height of thofe parts will pre- 
tently be loft ; and that part of the Superficies that fuftains the greater pref 
ftire : will be inferior to that which undergoes the lefts. A fit Veflel for 
tins purpofe, will be an inverted Glals Syphon, fuch an one as is delcri- 
bed in the Sixth Figure. For if into it you put Water enough to fill it as 
high as ^ and gently blow in atZ>, you fhall deprefs the Superficies E, 
and thereby rafe the oppofite Superficies^ to a conftderable height , and 
by gently Juc king you may produce clean contrary effeds. 

7 / That th f e IS fuch an um V lal prejfure, I fhall prove from this. 
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By Congruity, I mean a property of a fluid Body , whereby any part of it 
it readily united with any other part , either of it felf or of any other Simi- 
lar y fluids or folid body : And by Incongruity a property of a fluid , by which 
H is kindred from uniting with any dijjimilar,ftui d,or folid Body. 

This laft property, any one that hath been obfervingly converfant 
about fluid Bodies, cannot be ignorant of. For (not now to mention 
feveral Chymical Spirits and Oyls, which will very hardly , if at all be 
brought to mix with one another infomuch that there may be found 
fome 8 or 9, or more, feveral diftinct Liquors, which froimming one up- 
on another, will not prefently mix ) we need leek no further for Exam- 
ples of this kind in fluids s then to obferve the drops of rain falling through 
the air, and the bubbles of air which are by any means conveyed under 
the lurface of the water 5 or a drop of common Salle t Oyl fwimming upon 
water. In all which, and many more examples of this kind that might 
be enumerated, the incongruity of two fluids is eafily difeernable. And 
as for the Congruity or Incongruity of Liquids, with feveral kinds of firm 
Bodies, they have long fince been taken notice of, and called by the 
Names of Drinefs and Moiflure (though thefe two names are not compre- 
henfive enough, being commonly ufed to fignifie only the adhering or 
not adhering of water to fome other folid Bodies') of this kind we may ob- 
ferve that water will more readily wet fome woods then others , and that 
water , let fall upon a Feather , the whiter fide of a Colwort , and fome 
other leaves, or upon almoft any dufly, un&uous , or refinous fuperficies, 
will not at all adhere to them, but eafily tumble off from' them, like a folid 
Bowl 5 whereas, if dropt upon tinnen , Paper , Clay, green Wood, See. it will 
not be taken off, without leaving fome part of it behind adhering to them. 
So Quicksilver j which will very hardly be brought to flicks to any vegeta- 
ble body , will readily adhere to, and mingle with, feveral clean metalline 
bodies. 

And that we may the better finde what the caufe of Congruity and 
Incongruity in bodies is, it will be requifite to confider, Firft, what is the 
caufe of fluidnefe And this, I conceive , to be nothing elfe but a certain 
pujfe or Jhake of heat $ for Heat being nothing elfe but a very brisk .and ve- 
hement agitation of the parts of a body (as I have elfwhere made proba- 
bable) the parts of a body are thereby, made fo loofe from one another, 
that they eafily move any way , and become fluid. That I may explain 
this a little by a grofs Similitude, let us liippofeadilhof fandfet upon 
fome body that is very much agitated, and fhaken with fome quick, and 
firong Vibrating mot ion, as on a Halftone turn’d round upon the under ftone 
very violently whilft it is empty^or on a very ftiflT>r 7 /v/-head,which is ve- 
hemently or very nimbly beaten with the Drumfticks. By this means, 
the fand in the dilh, which before lay like a dull and unadive body, be- 
comes a pexfeGt fluid 5 and ye can no fooner make a hole in it with your 
finger, but it is immediately filled up again , and the upper lurface of it 
levell'd. Nor can you bury a light body , as a piece of Cork under it, but 
it prefently emerges or fwims as ’twere on the top 5 nor can you lay a 
heavier on the top of it, as a piece of Lead, but it is immediately buried 
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in Sand', and (as ’twere) finks to the bottom. Nor can you make a kola 
in the fide of the Dilh, but the land fhall run out of it to a level , not an 
obvious property of a fluid body, as fuch, but this dos imitate 5 and all 
this meerly cau fed by the vehement agitation of the contcinmg vefiel y 
for by this means, each find becomes to have a vibrative or dancing mo- 
tion, fo as no other heavier body can reft on it, unleft fifteen d by fome 
other on either fide : Nor will it fuffer any Body to be beneath it, unlelsf 
it be a heavier then it felf Another Inftance of the ftrang elooftning 
nature of a violent jarring Motion, or a firong and nimble vibrative 
one, we may have from a piece of iron grated on very ftrongly with a 
file : for if into that a pin be ferew'd fo firm and hard, that though it has 
a convenient head to it, yet it can by no means be unferewd by the fin- 
gers 5 if, I fay, you attempt to unferew this whilft grated on by the file , it 
will be found to undoe and turn very eafily. The firft of thefe Examples 
manifefts, how a body actually divided into fmall parts, becomes a fluidi 
And the latter manifefts by what means the agitation of heat fo eafily 
loofens and unties the parts of folid and firm bodies. Nor need we flip- 
pole heat to be any thing elfe, befidesfuch amotion 5 for foppofing we 
could Mechanically produce fuch a one quicksand ftrong enough, we need 
not {pend fuel to melt a body. Now, that I do not Ipeak this altogether 
groundlefs, I muft refer the Reader to the Obfervations I have made up- 
on the fliining fparks of Steel, for there he fhall find that the fame eflfe&s 
are produced upon fmall chips or parcels of Steel by the flame, and by a 
quief and violent motion t, and if the body of fleet may be thus melted 
(as I there fhewitmay) I think we have little reafon to doubt that al- 
moft any other may not alfo. Every Smith can inform one how quickly 
both his File and the Iron grows hot with filing, and if you rub almoft 
any two hard bodies together, they will do the fame : And we know, 
that a fufficient degree of heat caufes fluidity , in fome bodies much foon- 
er, and in others later 5 that is, the parts of the body of fome are fo loofe 
fiom one another, and fo unapt to cohere^ and fo minute and little , that a 
veryjM degree of agitation keeps them always in the ftate of fluidity. 
Of this kind., I fuppofc^ the that is the Mediant or fluid hody ^ in 

which all other bodies do as it were fwim and move$ and particularly 
the Air, which Items nothing elfe but a kind of tin&ure ov Jolution of ter- 
reftrial and aqueous particles difiolvd into it, and agitated by it, juft as 
the tinaure otCocheneel is nothing but fome finer difloluble parts of that 
Concrete lick d up or difiolvd by th e fluid water. And from this Notion 

0 it, we may eafily give a more Intelligible reafon how the Air becomes 
io capable of Rarefaction and Condenfation. For, as in tinctures, one grain 
offom eflrongly tinging fubftance may fenfibly colour fome hundred thou- 
find grains of appropriated Uquorsfo as every drop of i t has its proportio- 

3 / nd h l ^ [ l as 1 have *ry*d both with Logwood 

and Cocheneel : And as fome few grains of Salt is able to infeCt as 

great a quantity, as may be found by precipitations, though not fo eafifv 

th ; Ai r which !“ ™ *» 

01 Jaime Jubflance, difiolvdand agitated by the fluid and agilAEt her, may dife 
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perfe and expand it felf into a vafi fpace , if it have room enough, and 
infe<ft,as it were,every part of that fpace. But, as on the other fide, if there 
be but fome few grains of the liquor, it may ext raft all the colour of the 
tinging fubftance , and may difiolve all the Salt, and thereby become 
much more impregnated with thole fubftances, fo may all the air that fuf- 
ficedina rarifyd [late to fill fome hundred thoufiud fpacesof -dither, be 
compris’d in only one, but in a pofition proportionable denfe. And though 
we have not yet found out fuch firainers for Tinttures and Salts as we 
have for the Air, being yet unable to feparate them from their diflolving 
liquors by any kind of filtre , without precipitation, as we are able to fe- 
parate the Air from the dither by Glafs , and feveral other bodies. And 
though we are yet unable and ignorant of the ways of precipitating Air 
out of the dither as we can Tindhires, and Salts out of feveral dijjolvents } 
yet neither of thefe feeming impojjible from the nature of the things, nor 
fo improbable but that fome happy future induftry may find out ways to 
effed them } nay, further, fince we find that Nature does really perform 
(though by what means we are not certain) both thefe addons, namely, 
by precipitating the Air in Rain and Dews, and by fupplying the Streams 
and Rivers of the World with frelh water, firain'd through fecret fub- 
terraneous Caverns: And fince, that in very many other proprieties they 

do fo exadtly feem of the fame nature } till further obfervations or 
tryals do inform us of the contrary, we may fafely enough conclude them of 
the fame kind. For it feldom happens that any two natures have fo ma- 
ny properties coincident or the fame, as I have obferv'd Solutions and 
Air to have, and to be different in the reft. And therefore I think it nei- 
ther impojjible, irrational, nay nor difficult to be able to predict what is 
likgly to happen in other particulars alfo, befides thole which Obfervation 
or Experiment have declared thus or thus} efpecially, if the circum- 
Jlances that do often very much conduce to the variation of the effedta be 
duly weigh'd and confiderd. And indeed, were there not a probability of 
this, our inquiries would be endlefs , our tryals vain , and our greateff in- 
ventions would be nothing but the meer products of chance , and not of 
Reafon } and, like Mariners in an Ocean, deftitute both of a Compajs and 
the fight of the Ce/ejlialguids, we might indeed, by chance , Steer directly 
towards our defired Port, but ’tis a thoufind to one but we mifs our aim. 
But to proceed, we may hence alfo give a plain reafon, how the Air comes 
to be darkped by clouds, &c. which are nothing but a kind of precipitati- 
on, and how thole precipitations fall down in Showrs. Hence alio could 
I very eafily, and I think truly, deduce the caufe of the curious fixangu- 
lar figures of Snow, and the appearances of Haloes, &c. and the hidden 
thickping of the Sky with Clouds, and the vanifhing and difippearing of 
thofe Clouds again} for all thefe things may be very eafily imitated in a 
glafs of liquor, with fome flight Chymical preparations as I have often try’d, 
and may fomewhere elfe more largely relate, but have not now time to 
fet them down. But to proceed, there are other bodies that confiftcf 
particles more Grofs , and of a more apt figure for cohefion, and this re- 
quires zfomewhat greater agitation } fuch, I fuppo fey. fermented vinous 
Spirits 
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spirits feveral Chymical Oils, which are much of km to thofe Spirits, Sea 
Others yet require a greater, as water, and fo others much greater, foi al- 
moft infinite degrees : For, I fuppofe there are very few bodies in the 
world that may not be made aliquatenus fluid, by fome or other degree of 

ag Havfog 0 therefore in fhort fet down my Notion of a Fluid body* I come 
in the next place to confider what C ongruity is } and this, as I faid before, 
being a Relative property of a fluid, whereby it may be laid to be like ox 
nnlikg to this or that other body, whereby it does or does not mix with 
this or that body. We will again have recourfe to our former Experi- 
ment, though but a rude one } and here if we mix in the dilh feveral kinds 
of lands, fome of bigger, others of lefs and finer bulks, we fhall find that 
by the agitation the fine find will ejetf and throw out of it felf all thole 
bigger bulks of final! Jlones and the like, and thole will be gathered toge- 
ther all into one place } and if there be other bodies in it of other natures, 
thofe alfo will hefeparated into a place by themfelves,and united or tum- 
bled up together. And though this do not come up to the highejl proper- 
ty of Congruity , which is a Cohxefion of the parts of the fluid together, or 
a kind of attra&ion and tenacity , yet this does as ’twere fi.iadow it out} 
and fomewhat refemble it} for juft after the fame manner, I fuppofe 
the p ulfe of heat to agitate the Imall parcels of matter, and thofe that are 
of a like bignefi, and figure, and matter, will hold, or dance together, and 
thole which are of a differing kind will be thrufi or fhovd out from be- 
tween them } for particles that are all fimilar , will, like fo many equal 
mufical firings equally firetcht , vibrate together in a kind of Harmony or 
unifon } whereas others that are dijjtmilar , upon what account foever,un- 
lels the difproportion be otherwile counter-ballanc’d, will, like fo many 
firings out of tune to thofe unifons, though they have the feme agitating 
pulfe, yet make quite differing kinds of vibrations and repercujfions, fo that 
though they may be both mov'd, yet are their vibrations fo different, and 
fo untun'd, as 'twere to each other, that they crofs and jar againft each 
other, and confequently, cannot agree together, but fly bacf from each 
other to their fimilar particles. Now, to give you an inftance how the 
difproportion of lome bodies in one refpeft, may be counter-ballancd by 
a contrary difproportion of the fame body in another relpeft, whence we 
find that the fubtil vinous Jpirit is congruous , or does readily mix with wa- 
ter, which in many properties is of a very differing nature, we may con- 
fider that a unifon may be made either by two firings of the feme bionefs 
length and tenfion, or by two firings of the feme bignefi, but of differin'? 
^^1 an w 3 . contra ry differing tenjion } or 3 ly. by two firings of unequal 
length andbignefs, and of a differing tenfion, or of equal length, and diffe- 
ring bignefi and tenfion, and leveral other fuch varieties. To which three 
properties m firings, will correfpond three proprieties alfo in find, or the 
particles of bod.es, their Matter ox Subfiance, their Figure or slate and 
.he,r Body or *»/*. And from ,h= voLios ’of thofe If f may arife £- 
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and Difcords with thefe, as there may be with mufical firings. Having 
therefore feen what is the caufe of Congruity or Incongruity, thofe rela- 
tive properties of fluids, we may, from what has been faid, very eafily 
colleft, what is the reafon of thofe Relative proprieties alfo between yfo- 
id bodies and folid 3 for fince all bodies confift of particles of fuch a Sub- 
fiance , Figure , and Bulk}, but in fome they are united together mor t firm- 
ly then to be loofened from each other by every vibrative motion (though 
I imagine that there is nobody in the world, but that fome degree of a- 
gitation may, as I hinted before, agitate and loofen the particles fo as to 
make them fluid) thofe cohering particles may vibrate in the fame man- 
ner almofl: as thofe that are loofe and become unifons or difcords , as I 
may fo fpeak, to them. Now that the parts of all bodies , though never 
fo folid , do yet vibrate , I think we need go no fnrther for proof, then 
that ^bodies have fome degrees of heat in them, and that there has not 
been yet found any thing perfeilly cold: Nor can 1 believe indeed that there 
is any fuch thing in Nature, as a body whofe particles are at rei 1 , or lazy 
and una&ive in the great Theatre of the World , it being quite contrary to 
the grand Oeconomy of the Univerfo. We foe therefore what is the rea- 
fon of the fympathy or uniting of fome bodies together, and of the anti- 
pat ly or flight of others from each other : For Congruity foems nothing 
elfe but a Sympathy , and Incongruity an Antipathy of bodies 3 hence fimi - 
lar bodies once united will not eafily part, and dijftmilar bodies once difi 
joyndxv ill not eafily unite again 5 from hence may be very eafily deduc’d 
the reafon of thcfhfpenfion of water and Quicf fiver above their ufual fia- 
tion, aslfhall more at large anon fhew. 

Thefe properties therefore (alwayes the concomitants of fluid bodies) 
produce thefe following vifible Ejfe&s : 

Firft, They unite the parts of a fluid to its ft mi lar Solid, or keep them 
Jeparate from its dijfimilar. Hence (flmckfilvcr will (as we noted before) 
flick, to Gold , Silver , Tin, Lead, Sic. and unite with them : but roul off from 
Wood, Stone, Glafs , See. if never fo little foituated out of its horizontal le- 
vel-, and water that will wet fait and diffolve it, will flip off from Tallow , 
or the like, without at all adhering 3 as it may likewife be obforved to 
do upon a dufly fuperficics. And next they caufe the parts of homogene- 
al fluid bodies readily to adhere together and mix , and of heterogenealyo 
be exceeding averfe thereunto. Hence we find, that two fmall drops of 
water , on any fuperficies they can roul on, will, if they chance to touch 
each other, readily unite and mix into one 3 d drop : The like may be ob- 
forved with two fmall Bowls oh (fluicffilvcr upon a Table or Glafs, pro- 
vided their furfaces be not dufly 3 and with two drops of Oyl upon fair 
water, efle. And further, water put unto wine,fltlt water, vinegar, fpirit 
of wine, or the like, does immediately (efpecially if they be fhaken to- 
gether) difperfe it felf all over them. Hc-nce, on the contrary, we alfo 
find, that Oyl of Tar tar poured upon cpuicfifilvcr, and Spirit of Wine on 
that Oyl, and Oyl of Turpentine on that Spirit , and Air upon that Oy/, though 
they beftopt clofoly up into a Bottle, and fhaken never fo much, they 
will by no means long fuffer any of their bigger parts to he united or in- 
cluded 
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eluded within any of the other Liquors(by which recited Liquors, may be 
plainly enough reprefonted the four Peripatetical Elements , and 1 the more 
fubtil Mthcr above all.) From tliis property’tis, that a drop of water does 
not mingle with, or vanilh into Air, but is driven (by that Fluid equally 
protruding it on every fide) and forc’t into as little a fpace as it can pofo 
iibly be contained in, namely, into a F.ound Globule. So likewife a lit-* 
tie Air blown under the water, is united or thruft into a bubble by the 
ambient water. And a parcel cf guie flfifaer enclofed with Air, Water , 
or almoftany other Liquor, \s formed into a round Ball. 

Now the caufe why all thefe included Fluids, newly mentioned* or as 
many others as are wholly included within a heterogeneous fluid, are 
not exactly of a Spherical Figure (feeing that if caufedby thefe Principles 
only, it could be of no other) muff proceed from fome other kind of 
prejfure againfl: the two oppofite flatted fides. This adventitious or acci- 
dental preflure may proceed from divers caufes, and accordingly muff di- 
verge the Figure of the included heterogeneous fluid : For feeing that a 
body may be included either with a fluid only, or only with a folid , or 
partly with a fluid, and partly with a folid, or partly with one fluid, and 
partly with another 3 there will be found a very great variety of the ter- 
minating furfaces, much differing from a Spherical, according to the vari- 
ous refinance or preflure that belongs to each of thefe encompaffing bo- 
dies. 



vnucu riupcun.5 may m general dc cieuucca rrom two neacls, viz. 
Motion, and Red. For, either this Globular Figure is altered by a natu- 
ral Motion, fiich as is Gravity 3 or a violent , fuch as is any accidental motion 
of the fluids, as we fee in the wind ruffling up the water, and the purlings 
of Streams, and foaming of Catarracls, and the like. Or thirdly, By the 
Reft, Firmnefs and Stability of the ambient Solid. For if the including 
Solid be of an angular or any other irregular Form, the included fluid will 
be near of the like, as a Pm-Pot full of water, or a Bladder full of Air. And 
next, if the including or included fluid have a greater gravity one than 
another, then will the globular Form be depreft into an El/iptico-fpherical * 
As if, for example, we fuppofe the Circle A B c D, in the fourth Enure 
to repre.ent a drop of water, guickfilver, or the like, included with the 
Air or the like , which iuppofing there were no gravity at all in either of 
the fluids, or that the contained and containing were of the fameweieht 
would be equally comprefi into ane*a% fphtricdbodj ( the ambfent 
uid forcing equally againfl: every fide of it. ) But fuppofing either a 
th 4 fuel tided , by reafon whereof the parts of it beintj 
?£ ? fd thereby the whole put into ddfffd 
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the motion upwards, the fide A will be deprefi to E, and therefore C being 
thruft to C and D to H •, the globular Figure by this means alio will be 
made an Elliptico-fpherical. Next if a fluid be included partly with one, 
and partly with another fluid, it will be found to be lhaped diverfly , ac- 
cording to the proportion of the gravity and incongruity of the 3 fluids 
one to another : As in the fecond Figure , let the upper M MM be Air, the 
middle L MU 0 be common Oyl, the lower OOO be Water, the Oyl 
will he form’d, not into a fpherical Figure, fuchas is reprefented by the 
pricked Line, but into foch a Figure as LM N O, whole fide L M N 
will be of a flatter Elliptical Figure, by reafon of the great difproportion 
between the Gravity of Oyl and Air, and the fide L O M of a rounder, 
becaufe of the Imaller difference between the weight of Oyl and Water. 
Laftly,Th e globular Figure will be changed, if the ambient be partly fluid 
and partly Jolid. Ana here the termination of the incompafied fluid to- 
wards the incompaffing is lhap’d according to the proportion of the con- 
fruity or incongruity of the fluids to the folids , and of the gravity and 
incongruity of the fluids one to another. As liippofe the fubjacent me- 
dium that hinders an included fluids delcent,be a Jolid , as let K I, in the 
fourth Figure, reprefent the fmooth luperficies of a Table ; E G F H, a 
parcel of running Mercury ; the fide G F H will be more flatted , ac- 
cording to the proportion of the incongruity of the Mercury and Air to 
the Wood, and of the gravity of Mercury and Air one to another ; The fide 
G E H will likewile be a little more deprefi by reafon the fubjacent 
parts are now at reft, which were before in motion. 

Or further in the third Figure, let A I L D reprefent an including fo- 
lid medium of a cylindrical fhape ( as fuppofc a fmall Clafs Jar ) Let 
F G E M M reprefent a contain’d fluid, as water ; this towards the bot- 
tom and fides, is figured according to the concavity of the Glafs : But its 
upper Surface, ( which by reafon of its gravity, ( not confidering at all 
the Air above it, and lb neither the congruity or incongruity of either of 
them to the Glafs) Ihould be terminated by part of a Sphere whofe dia- 
meter fhould be the fame with that of the earth, which to our fenfe would 
appear a ftraight Line, as F G E, Or which by reafon of its having a 
greater congruity to Glafs than Air has, ( not confidering its Gravity ) 
would be thruft into a concave Sphere, asC H B, whofe diameter would 
be the fame with that of the concavity of the V eflel : ) Its upper Surface, 
I fay, by reafon of its having a greater gravity then the Air, and having 
likewile a greater congruity to Glals then the Air has, is terminated, by a 
concave Elliptico-fpherical Figure, as C K B. For by its congruity it eafily 
conforms it felf, and adheres to the Glafs, and conftitutes as it were one 
containing body with it, and therefore Ihould thruft the contained Air on 
that fide it touches it, into a fpherical Figure, as B H C, but the motion of 
Gravity deprefling a little the Corners B and C, reduces it into the afore- 
faid Figure C K B. Now that it is the greater congruity of one of the 
two contiguous fluids, then of the other, to the containing folidfvax. caufes 
the feparating lurfaces to be thus or thus figured : And that it is not be- 
caufe this or that figurated furface is more proper, natural, or peculiar to 

one 
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one of thefe fluid bodies,then to the other, will appear from this ; that the 
fame fluids will by being put into diffeiingfafids , change their furfaces.. 
For the lame water , which in a Glals or wooden Veflel will have a con- 
cave furface upwards,and will rife higher in a fmaller then a greater Pipe, 
the lame water, I lay, in the lame Pipes greafed over or oyled, will pro- 
duce quite contrary effe&s ; for it wil 1 have a protuberant and convex fur* 
face upwards, and will not rife fo high in fmall, as in bigger Pipes : Nay, 
in the very fame folid Veflel . you may make the very fame two contigu- 
ous Liquids to alter their Surfaces ; for taking a final! Wine-gIafi,or fuch 
like Veflel, and pouring water gently into it, you lhall perceive the fur- 
face of the water all the way concave, till it rife even with the top, when 
you lhall find it ("if you gently and carefully pour in more) 10 grow 
very protuberant and convex 5 the reafon of which is plain , for that the 
folid fides of the containing body are no longer extended , to which the 
water does more readily adhere then the air , but it is henceforth to be 
included with air, which would reduce it into a hemifphere , but by reafon 
of it s gravity, it is flatted into an Oval. Quicksilver alfo which to Glafs 
is more incongruous then Air ( and thereby being put into a Glafs-pjpe, 
will not adhere to it, but by the more congruous air will be forced to have 
a very protuberant furface, and to rife higher in a greater then a leller 
Pipe ) this Quicksilver to clean Metal, efpecially to Gold,Silver,Tin.Lead b 
8tc. Iron excepted, is more congruous then Air , and will not only flick to 
it, but have a concave Surface like water, and rile higher in a lels, then in a 
greater Pipe. 

In all thefe Examples it is evident, that there is an extraordinary and 
adventitious force, by which the globular Figure of the contained hetero- 
geneous fluid is altered; neither can it be imagined, howitlhouldother- 
wtfe be of any other Figure then Globular : For being bv the hetcrogene- 
ous fluid equally protruded every way,whatfoever part is protuberant will 
™,!u ere r y deprefi. From this caufe it is, that in its efiiefts it dots very 
much refemble a round spring <Tuch as a Hoop.) For as in a round spring 

ere is required an additional prejjure agamft two oppofite fides to re- 
duce it into an Oval Form, or to force it in between the fides of , Hoi 
whofe Diameter is lefs then that of the spring, there muft be a confidin’ 
^^^ If^truflon againft the concave or Inner fide of the 4^ So 
to alter thisJpAmca/conftituticn of an included fluid hod v JL f-’ ° 
qu, red more preliiire agaioftop,K,&eM«^duce fe S ™ tS 'T 

to prefs It into an Hole lefs in Diameter then if M f il * ? and > 

truflon againft all the other fides. What 
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and lets holes, I have no? vet ? , prefs them mto lefs 

by experiment I find in general th-Tf i-h ^ Ca , CU 3ted ’ ^ uc f bus much 
preflure ro clofe CSt i™! ,0 r^ » Kremer 

holes. The neceflity and reafon nf tW 5 • P rotude diem into imaller 

Plain : bn, being I, fo «cefe •. ^‘»&e,Icould enffly ex- 

then I have for it at prefent I u q “" more ro0m and time 
•ha, this m. ly be Te Z “ nd P i° CCed “ 

J Ue V U “PWtot be made with a 

2 round 





20 



M 



I C ROG R A P H l A. 



round Spring ( the way of making which trials is obvious enough. ) And 
with the fluid bodies of Mercury , Air , &c, the way of trying which, will 
be fomewhat more difficult } and therefore I fhall in brief defcribe it. He 
therefore that would try with Air , muft firft be provided of a Glafe-pipe , 
made of the lhape of that in the fifth Figure , whereof the fide A B, re- 
prefents a ftraight Tube of about three foot long, C,reprefents another 
part of it, which confifts of a round Bubble 5 lo ordered, that there is left a 
pajjage or hole at the top , into which may be faftened with cement feveral 
fmali Pipes of determinate cylindrical cavities : as let the hollow of 
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There may be added as many more , as the Experimenter fhall think fit* 
with holes continually decreafing by known quantities, fo far as his fenfes 
are able to help him j I fay, fo far, becaufe there may be made Pipes fo 
fmali that it will be impolfrble to perceive the perforation with ones na- 
ked eye, though by the help of a Microfcope, it may eafily enough be per- 
ceived ; Nay, I have made a Pipe perforated from end to end, fo fmali, 
that with my naked eye I could very hardly fee the body of it, infoniuch 
that I have been able to knit it up into a knot without breaking : And 
more accurately examining one with my Microfcope , I found it not fb big 
as a fixteenthpart of one of the fmaller hairs of my head which was of 
the fmaller and finer fort of hair, fo that ftxteen of thefe Pipes bound fag- 
got-wife together, would but have equalized one fingle hair 5 how fmali 
therefore muft its perforation be ? It appearing to me through the Micro- 
scope to be a proportionably thickefided Pipe. 

To proceed then, for the trial of the Experiment , the Experimenter 
muft place the Tube A B, perpendicular, and fill the Pipe F ( cemented in- 
to the hole E ) with water, but leave the bubble C full of Air, and then 
gently pouring in water into the Pipe A B, he muft obferve diligently 
how high the water will rife in it before it protrude the bubble of Air C, 
through the narrow paflage of F, and denote exa&ly the height of the 
Cylinder of water, then cementing in a fecond Pipe as G, and filling it 
with water $ he may proceed as with the former, denoting likewife the 
height of the Cylinder of water , able to protrude the bubble C through 
the paflage of G, the like may he do with the next Pipe,and the next ,&c. 
as far as he is able : then comparing the feveral heights of the Cylinders , 
with the feveral holes through which each Cylinder did force the air ( ha- 
ving due regard to the Cylinders of water in the finall Tubes) it will b>- 
very eafie to determine, what force is requifite to prels the Air in- 
to fuch and fuch * hole , or ( to apply it to our prefent experiment ) 

how 
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howmuchof thepreflureof the Air is taken off by its ingrefs into Smal- 
ler Ld filler holes . From the application of which to the entnng of 
the Air into the bigger hole of the*#/, and into the fmaller hole of the 
Pipe we (hall clearly find, that there is a greater preflure of the air upon 
the water in the VeJJel or greater pipe, then there is upon that in the Idler 
pipe: For fincethe preflure of the air everyway is found to be equal, 
that is as much as is able to prefs up and fuftain a Cylinder oi Quicksilver 
of two foot and a half high, or thereabouts 3 And fince of this preflure 
fo many more degrees are required to force the Air into a fmaller then 
into a greater hole that is full of a more congruous fluid. And laftly, 
fince thofe degrees that are requifite to prefs it in, are thereby taken off 
from the Air within , and the Air within left with fo many degrees of 
preflure lels then the Air without $ it will follow j that the Air in the Ids 
Tube or pipe , will have lels preflure againft the fuperfieies of the water 
therein, then the Air in the bigger ; which was the minor Propofition to 
be proved. 

The Conclufion therefore will neceflarily follow, viz. That this une- 
qual preflure of the Air caufed by its ingrefi into unequal holes , is a caufe Jujfi- 
cient to produce this ejfeB , without the help of any other concurrents and 
therefore is probably the principal (if not the only) caufe of thefe Pheno- 
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This therefore being thus explained , there will be divers Phenomena 
explicable thereby, as, the riling of liquors in a Filtre, the riling of Spirit 
of Wine , Oyl. melted Tallow , due. in the Week, of a Lamp, ( though made 
of fmali Wire, 1 breeds of Asbeflus , Strings of Glafs , or the like ) the riling 
of Liquors in a Spunge, piece of Bread,Sand, &c. perhaps allb the afeend- 
ing of the Sap in Trees and Plants , through their finall, and feme of them 
imperceptible pores, (of which I have faid more, on another occafion ) at 
leaft the palling of it out of the earth into their roots. And indeed up- 
on the conlideration of this Principle, multitudes of other ufesofitoc- 
curr’d tome, which I have not yetfo well examined and digefted as to 
propound for Axioms , but only as Queries aodConje&ures which mav 
ferve as hints toward feme further difioveries. y 

As fii ft, Upon the conlideration of the congruity and incongruity of Bo- 
dies, as to touch, I found alfo the like congruity and incongruity ( if I mav 
fo Apeak ) as to the Transiting of the Raies of Light : For as in th is re- 
gard notnow to mention other Liquors ) feems nearer of affini- 

ty to Glafs then Air, and Air then Quicksilver ; whence an oblique Ray out 

f / /V 1 Pa£ T Vr - Wlth VC1 'y littlc refradion from the perpendi- 
tulai, but none out of Glafs into Air, excepting a direll, will paR without 

a very great refraction from the perpendicular) nay any oblique Rav nn! 
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more congruous to Glafs then Air , and Air then Quicklilver. 

A Second thing ( which was hinted to me, by the conlideration of the 
included fluids globular form , caufed by the protrufion of the ambient 
heterogeneous fluid ) was, whether the Thanemena of gravity might not 
by this means be explained,by fuppofing the Globe of Earth, Water, and 
Air to be included with a fluid, heterogeneous to all and each of them, 
fo fubtil , as not only to be every where interjperjed through the Ai r, ("or 
rather the air through it ) but to pervade the bodies of Glafs , and even 
the clofefi Metals , by which means it may endeavour to detrude all earth- 
ly bodies as far from it as it can ', and partly thereby, and partly by other 
of its properties may move them towards the Center of the Earth. Now 
that there is lome fuch fluid, I could produce many Experiments and Rea- 
fbns , that do feem to prove it : But becaufe it would ask fome time and 
room to fet them down and explain them, and to confider and anfwer all 
the Objections ('many whereof I forefee ) that may be alledged againft 
it 5 I (hall at prelent proceed to other Queries, contenting my felf to have 
here only given a hint of what I may fay more elfwhere. 

A Third Query then was , Whether the heterogeneity of the ambient 
fluid may not be accounted a fecondary canfe of the roundnefs or globular" 
formoi the greater bodies oh the world,fuch as arethofe of the Sun tars, 
and Planets , the JubJlance of each of which leems altogether heterogene- 
ous to the cir cum- ambient fluid sether t And of this I lhall lay more in the 
Obfervation of the Moon. 

A Fourth was. Whether the globular form of th efmaller parcels of 
matter here upon the Earthy as that of Fruits , Pebbles , or Flints , &c, 
C which feem to have been a Liquor at firft ) may not be cauledby the 
heterogeneous ambient fluid. For thus we fee that melted Glafs will be 
naturally formed into a round Figure ', fo likewife any fmall Parcel of any 
fujible body , if it be perfe&ly enclol'ed by the Air , will be driven into a 
globular Form } and, when cold, will be found a Jolid Ball. This is plainly 
enough manifefted to us by their way of making flwt with the drops of 
Lead', which being a very pretty curiofity,and known but to a very few, 
and having the liberty of publishing it granted me, by that Eminent Vir- 
tuofo Sir Robert Moray , who brought in this Account of it to the Royal So- 
ciety, l have here tranferibed and inferted. 

To make fmall (hot of different fizes ; Communicated by his 
Highnefs P. R. 

T Ake Lead out of the Pig what quantity you pleafe, melt it down , 
ftir and clear it with an iron Ladle , gathering together the 
blackijh parts that fwim at top like feum, and when you fee the co- 
lour of the clear Lead to be greeniftjfut no fooner , flrew upon it Auri- 

pigmentum 
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pigmentum powdered according to the quantity of Lead , about ds 
much as will lye upon a half Crown piece will feme for eighteen or 
twenty pound weight of fome forts of Lead ; others will require more, or 
leji. After the Auripigmentum is put in, ftir the Lead Well, and the 
Auripigmentum will flame: when the flame is over, take out fome 
of the Lead in a Ladle having a lip or notch in the brim for convent 
ent pouring out of the Lead,and being well warmed amongft the melted 
Lead, and with a flick make feme fingle drops of Lead trickle out of 
the Ladle into water in a Glafs , which if they fall to be round and 
without tails, there ^Auripigmentum enough put in, and the temper 
cf the heat is right, otherwife put in more. Then lay two bars of Iron 
( or fome more proper Iron-tool made on purpofe) upon a Pail of wa- 
ter, and place upon them a round Plate of Copper, of the ftze and figure 
cf an ordinary large Pewter or Silver Trencher, the hollow whereof is to 
be about three inches over , the bottom lower then the brims about half 
an inch, pierced with thirty, forty i or more fmall holes', the fmaller the 
holes are, the fmaller the foot will be', and the brim is to be thicker then 
thebottom,to conferve the heat the better. 

The bottom of the Trencher being fome four inches diftant frum the 
water in the P ail,lay upon it fome burning Coles,to keep the Lead melt- 
ed upon it. Then with the hot Ladle take Lead off the Pot where it 
ftands melted, and pour it feftly upon the burning Coles over the bottom 
of theTrencher, audit willimmediately run through the holes into the 
water in fmall round drops. Thus pour on new Lead ftill as faft as 
it runs through the Trencher till all be done ; blowing now and then' 
the Coles with hand-Bellows, when the Lead in the Trencher cools fe as 
to flop from running, 

Whilft one pours on the Lead, another niuft, with another Ladle, 
thru fled four or five inches under water in the Pail, catch from time 
totimefemeof the fhot,as it drops down, to fee the f K e of it, and whether 
there be any faultsin it. The greateftcare is to keep the Lead upon 
the Trencher in the right degree of heat ; if it be too cool , it will not 
run through the Trencher , though itftand melted upon it ; and this is to 
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he helped by blowing the Coah a little , or pouring on new Lend that fa 
hotter: but the cooler the Leadjhe larger the Shot ; and the hotter flthe 
fmaller ; when it fa too hot , the drops will crack, and fly ; then you 
muji flop pouring on new Lead^and let it cool ; and folongasyouob- 
ferve the right temper of the heat , the Lead will conjlantly drop into very 
round Shot , without fo much as one with a tail in many pounds. 

When all fa done,take your Shot out of the Tail of water , and put it 
in a Frying-pan over the fire to dry them , which muji be done warily , 
fUU Jhaking them that they melt not ; and when thy are dry you may 
feparatethe j 'mall from the great , in Pearl Sives made of Copper or 
Lattin let into one another , into as many fiz.es as you pleafe. But if 
you would have your Shot larger then the Trencher makes them , you 
may do it with a Stick.-, making them trickle out of the Ladle , as hath 
been faid. 

If the Trencher be but touch a very little when the Lead flops from 
going through it, and be not too cool ft will drop again , but it fa better 
not to touch it at all At the melting of the Lead take care that there 
be no kind of Oyf Greafe , or the like, upon the Tots , or Ladlesgr Tren- 
cher . 

The Chief caufe of this Globular Figure cf the Shot, feems to be the 
Auripigmentum ; /or, as foon as it fa put in among the melted Lead . , 
it lofes its finning brightnefs , contratting inftantly a grayifb filmor 
skin upon it , when you fcum it to make it clean with the Ladle. So 
that when the Air comes at the falling drop of the melted Lead , that 
skjn confirms them every where equally : but upon what account , and 
whether this be the true caufe , fa left to further difquifition , 

Much after this fame manner, when the Air is exceeding cold through 
which it paffes, do we find the drops of Rain, falling from the Clouds, 
congealed into round Hail-fiones by the freezing Ambient. 

To which may be added this other known Experiment, That if you 
o-ently let fall a drop of rpaterw^on {mall fond or duft, you (hall find, as it 
were, an artificial round fione quickly generated. I cannot upon this oc- 
cafion omit the mentioning of the Arrange kiiid of Gram , which 1 have 
obferved in a ftone brought from Kettering in Northamptonfoirc^nd there- 
fore called by Mafons Kettering-Stone , of which fee the Defcription. 

Which 
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teftbehW ro tfShe Spark L gone ofitf I purpofely ftruck fire over a 
left b 3 • _ P iner and obfervihg diligently where fome confpi 

very f"LTentou^ I formd a very Lie black fpot no bigger then 
enorrs fejrks w|nt out , 1 ^ appeared to be a perfca- 

the point o- ( like a polifllt ball of Steel, inforhuch that 

hae ftay f having done it more tally in another place ) to examine the 
pa tlcular Retlfcm of it, but (hall only hint, that I imagine it to be lomc 
Fmall parcel of the Steel, which by the violence of the motion of the 
Arokc ( moft of which feems to be imprefi: upon thofe fmall parcels ) is 
made fo glowing hot, that it is melted into a Vitrum, which by theambi- 









A Fifth thing which I thought worth Examination was. Whether the 
motion of all kind of Springs, might not be reduced to the Principle 
whereby the included heterogeneous fluid feems to be moved 3 or to that 
whereby two Solids, as Marbles, or the like, are thrufi: and kept together 
by the ambient fluid. 

A Sixth thing was,Whether the Rifing and Ebullition of the Water Out 
of Springs and Fountains ( which lie much higher from the Center of the 
Earth then the Superficies of the Sea, from whence it feems to be derived) 
may not be explicated by the riling of Water in a (mailer Pipe ; For the 
Sea-water being drained through the Pores or Crannies of the Earth, is, 
as it were, included in little Pipes, where the preilitre of the Air has not 
fo great a power to refifi: its rifing : But examining this way, and finding 
in it feveral difficulties almolt irremovable, I thought upon away that 
would much more naturally and conceivably explain it, which was by 
this following Experiment: I took a Glals-Tube, of the form of that 
deferibed in the fixth Figure, and chilling two heterogeneous fluids , fuch 
as Water and Oyl , I poured in as much Water as filled up the Pipes as 
high as A B, then putting in fome Oyl into the Tube AC, I depreft the 
fuperficies A of the Water to E, and B I raifed to C, which was not fo 
high perpendicularly as the fuperficies of the Oyl F, by the fpace F I, 
wherefore the proportion of the gravity of thefe two Liquors was as 
G H to F E. 



, _ 1 1,11 i'- vuui vzlllv,l GRjUUl a ^ pdrilCUlttriy 

with frefh Water and Salt ( which I made by diflblving Salt in warm 
Water ) which two though they are nothing heterogeneous, yet before 
they Would perfeftly-mix one with another , I made trial of the Experi- 
ment .* Nay, letting the Tube Wherein I tried the Experiment remain for 
many dayes , I obferved them not to mix 5 but the fuperficies of the frefh 
was rather more then lefs elevated above that of the Salt. Now the 
proportion of the gravity of Sea-water, to that of River-water, accord- 
ing to Stevunis and Varcnms , and as I havefince found pretty true by 
maxing trial my fell, is as 46. to 45. that is, 46. Ounces of the lalt wl- 

^ ter 
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ter will take up no more room then 45. of the frelh. Or reciprocally 
45 pints of falt-water weigh as much as 46 of frelh. 

But I found the proportion of Brine to frelh Water to be near igto 12: 
Suppoling therefore GHMto reprefentthe Sea, and F I the height of 
the Mountain above the Superficies of the Sea , FMa Cavern in the 
Earth, beginning at the bottom of the Sea, and terminated at the top of 
the Mountain, LM the Sand at the bottom , through which the Water 
is as it were ftrained , lo as that the frefher parts are only permitted to 
tranlude,and the faline kept back , if therefore the proportion of G M 
to F M be as 45 1046, then may the Cylinder of Salt-water G M make 
the Cylinder of Frelh- water to rile as high as E, and to run over at N. 
I cannot here ftand to examine or confute their Opinion , who make the 
depth of the Sea, below its Superficies , to be no more perpendicularly 
meafured then the height of the Mountains above it : “Tis enough for 
me to lay, there is no one of thole that have aflerted it , have experimen- 
tally known the perpendicular of either ; nor fhall I here detcrmine,whe- 
ther there may not be many other caules of the feparation of the frelh 
water from the lalt , as perhaps fome parts of the Earth through which it 
is to pals , may contain a Salt , that mixing and uniting with the Sea-lalt, 
may precipitate it much after the lame manner as the Alkalizate and 
Acid Salts mix and precipitate each other in the preparation of Tarta- 
rum Vitriolatum. I know not alfo whether the exceeding cold ( that 
muft necellarily be ) at the bottom of the Water, may not help towards 
this leparation , for we find , that warm Water is able to diflolve and 
contain more Salt , then the lame cold infomuch that Brines ftrongly 
impregnated by heat, if let cool , do fuffer much of their Salt to fubfide 
and cryftallize about the bottom and fides. I know not allb whether 
the exceeding prefliire of the parts of the Water one againft another, 
may not keep the Salt from defcending to the very bottom, as finding 
little or no room to infert it felf between thole parts , protruded lo vio- 
lently together , or elfe fqueeze it upwads into the fuperiour parts of the 
Sea, where it may more ealily obtain room for it felf, amongft the parts 
of the Water , by realon that there is more heat and lels prefliire. To 
this Opinion I was fomewhat the more induced by the relations I have 
met with in Geographical Writers, of drawing frelh Water from the bot- 
tom of the Sea , which is lalt above. I cannot now ftand to examine, 
whether this natural perpetual motion may not artificially be imitated ; 
Nor can I ftand to anfwer the Objettions which may be made againft this 
ray Suppofition : As, Firft, How it comes to pafs,that there are lometimes 
fait Springs much higher then the Superficies of the Water? And, Se- 
condly, Why Springs do not run fafter and llower, according to the vary- 
ing height made of the Cylinder of Sea- water, by the ebbing and flow- 
ing of the Sea ? 

"As to the Firft, Inlhort, I fay, the frelh Water may receive again x 
laline Tincture near the Superficies of the Earth , by palling through 
fome fait Mines , or elfe many of the faline parts of the Sea may be kept 
back, though not all. 

And 
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And* .0 the Second, The ^me^ntay 



means 



divers Caverns , coming from very far diftant parts of the-Sj?* , fo 
it may in one place be high, in another low watery and fo by that 
fa spring may be equally fupply’d at all times Or elfe the Cavern may 
be fo ftraight and narrow , that the water not having for cady^ and^fi ee 

l ' 



iaflage through it, cannot upon fo fhort and quick mutations of preflure, 
able to produce any fenfible efledt at fuch a diftance. Befides that, 
to confirm this hypothecs, there are many Examples found in Natural Hiflo- 
rians of springs that do ebb and flow like the Sea : As particularly, thofe 
recorded by the Learned Camden, and after him hy Speecl,to be found in 
this IJland: One of which, they relate to be on the Top of a Mountain, 
by the fmall Village Kilhgn in Flintjhire , Marts icmulus qui fiatis tempo- 
rihus fuas evomit & reforhet Aquas-, Which at certain times rileth and 
falleth after the manner of the Sea. A Second in Caermardenjhire, 
near Caermarden , at a place called Cantred Bichan Qui ( ut feribit Gi- 
raldus ) naturali die bis undis deficiens , & toties exuberans , marinas 
imitatur injlabilitates That twice in four and twenty hours ebbing and 
flowing , refembleth the unftable motions of the Sea. The Thanomena 
of which two may be ealily made out, by fuppofing the Cavern, by which 
they are fed, to arife from the bottom of the next Sea. A Third, is a 
Well upon the River Ogmore in Glamorganshire, and near unto Newton, of 
which Camden relates himfelf to be certified,by a Letter from a Learned 
Friend of his that obferved it, Eons abejl hinc, &c. The Letter is a little 
too long to be inlerted,but the fubftance is this $ That this Well ebbs and 
flows quite contrary to the flowing and ebbing of the Sea in thole parts : 
for ’tisalmoft empty at Full Sea, butfullat Lowwater. This may hap- 
pen from the Channel by which it is fupplied , which may come from the 
bottom of a Sea very remote from thofe parts , and where the Tides are 
much diflering from thofe of the approximate fliores. A Fourth, lies in 
Wejtmorland, near the River Loder Qui injlar Euripi Jkpius in die red - 
procan tibia undis fluit & refluit , which ebbs and flows many times a day. 
This may proceed from its being fupplyed from many Channels , coming 
from feveral parts of the Sea, lying lufficiently diftant afunder to have the 
times of High-water differing enough one from the other ; fo as that 
when foe ver it fhall be High water over any of thofe places, where thefe 
Channels begin, it Ihall likewife be fo in the Well 3 but this is but a liippo- 
fition. rr 

A Seventh Query was. Whether the difolution or mixing of feveral bo- 
d.es, whether fluid or lolid,with laline or other Liquors,might not partly 
be attributed to this Principle of the congruity of thofe bodies and their 
diflolvents > As of Salt in Water, Metals in feveral Menjlruums, Unftuous 
Gums in Oyls, the mixing of Wine and Water, efv. And whether preci- 
pitation be not partly made from the fame Principle of Incongruity > I 

cinrrent^ 5 fome Diir °lutions,fome other C?ufes con- 

and E k aft wE C 3 ? UC o nio r e t feemin g 1 y Grange and unlikely Query * 
and that is, Whether this Principle, well examined and explain, d/may 

^ 2 '' not 
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hot be found a co-efficient in the moft confiderable Operations of Na- 
ture? As in thole of Heatyand Light, and conlequently.of Rarefaction and 
Condenfation , Hardncfs , and Fluidnefs , Perfpicuity and Opacoiffiefs, Refracti- 
ons and Colours . &c. Nay, I know not whether there may be many things 
done in Nature, in which this may not fbefaid toj have a Finger? This 
I have in fome other paflages of this Treatife further enquired into and 
fhewn, that as well Light as Heat may be caufed by corrofion, which is ap- 
plicable to congruity, and confequently all the reft will be but fubfequents ; 
In the mean time I would not willingly be guilty of that Error, which the 
thrice Noble and Learned Verulam juftly takes notice of, as fuch,and calls 
Philofophi<c Genus Empiricum , quod in paucornm Experimentorum Angufliis 
& Obfcuritate fundatum eft. For I neither conclude from one fingleExpe- 
riment,nor are the Experiments I make ufe of, all made upon one Subjeift ; 
Nor wreft I any Experiment to make it quadrare with any preconceiv’d 
Notion. But on the contrary , I endeavour to be conversant in divers 
kinds of Experiments, and all and every one of thole Trials, I make the 
Standards or Touchftones, by which I try all my former Notions, whether 
they hold out in weight, and meafure,and touch, &c. For as that Body is 
no other then a Counterfeit Gold , which wants any one of the Proprie- 
ties of Gold, ( fuch as are the Malleablenels, Weight, Colour. Fixtnels 
in the Fire, Indiflblublenefs in Aqua fortisysnd the like ) though it has all 
the other , lo will all thole Notions be found to be falfe and deceitful, 
that will not undergo all the Trials and Teftsmade of them by Experi- 
ments. And therefore fuch as will not come up to the defirea Apex of 
Perfection, I rather wholly rejeCf and take new, then by piecing and 
patching, endeavour to retain the old, as knowing fuch things at beft to be 
but lame and imperfect. And this courle I learned from Nature $ whom 
we find negle&ful of the old Body, and fuflering its Decaies and Infirmi- 
ties to remain without repair . and altogether follicitous and careful of 
perpetuating the Species by new Individuals. And it is certainly the moft 
likely way to ereft a glorious Stru<fture and Temple to Nature , liich as file 
will be found f by any zealous Votary ) torefidein; to begin to build a 
new upon a litre Foundation of Experiments. 

But to digrels no further from the confideration of the Phenomena, 
more immediately explicable by this Experiment, we lhall proceed to 
Ihew, That, as to the riling of Water in a Filtre, the reafon of it will be 
manifeft to him, that does take notice,that a Filtre is conftituted ofa great 
number of fmall long Iblid bodies , which lie fo cl ofe together, that the 
Air in its getting in between them , doth lole of its preflure that it has a- 
gainft the Fluid without them, by which means the Water or Liquor not 
finding lo ftrong a refiftance between them as is able to eounter-ballance 
the preflure on its fuperficies without, is raifed upward, till it meet with a 
preflure of the Air which is able to hinder it. And as to the Riling of 
Oyl, melted Tallow, Spirit of Wine, efic. in the Week of a Candle or 
Lamp, it is evident, that it differs in nothing from the former, lave only 
in this, that in a Filtre the Liquor delcends and runs away by another 
part j and in the Week the Liquor is diiperfed and carried away by the 
. ... - ■ Flame j 
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Flame ; fomething there is afcribable to the Heat , for that, it may rarifie 
the more volatil and fpirituous parts of thofe combuftible Liquors, and fo 
being made lighter then the Air, it may be protruded upwards by that 
more ponderous fluid body in the Form of Vapours * but this can be 
aferibedto the afcenlion ol but a very little, and moft likely of that on- 
ly which afeends without the Week. As for the Riling of it in a Spunge, 
Bread. Cotton .&c. above the fuperficies of the fubjacentLiquor$ what 
has been faid about the Filtre ( if considered ) will eafily fuggeft a 
reafon , confidering that aft thefe bodies abound with fmall holes or 

pores. 

From this fame Principle alfo ( viz. the unequal preflure of the Air a- 
qainji the unequal fuperfeies of the water ) proceeds the caule of the ac- 
ceflion or incurlion of any floating body againft the fidesof the con- 
taining Veflel , or the appropinquation of two floating bodies, as Bubbles s 
Corks, Stick*, Straws, &c. one towards another. As for inftance, Take 
a Glals-jar, fuch as A B in the feventh Figure, and filling it pretty near the 
top with water , throw into it a fmall round piece of Cork, as C, and 
plunge it all over in water , that it be wet , fo as that the water may rile 
up by the fides of it,then placing it any where upon the fuperficies, about 
an inch,or one inch and a quarter from any fide, and you lhall perceive it 
by degrees to make perpendicularly toward the neareft part of the fide, 
and the nearer it approaches , the fafter to be moved $ the reafon of 
which Phenomenon will be found no other then this, that the Air has a 
greater preflure againft the middle of the fuperficies , then it has againft 
thofe parts that approach nearer, and are contiguous to the fides. Now 
that the preflure is greater, may ( asllhewed before in the explication 
of the third Figure ) be evinced from the flatting of the water in the 
middle, which arifes from the gravity of the under fluid : for fi nee, as I 
(hewed before, if there were no gravity in the under")////;/, or that it were 
equal to that of the upper, the terminating Surface would be Spherical, 
and fince it is the additional preflure ol the gravity of water that makes 
it fo flat, it follows, that the preflure upon the middle muft be greater then 
towards the fides. Hence the Ball having a ftronger preflure againft that 
fide of it which relpe&s the middle of the fuperficies, then againft that 
which refpefts the approximate fide , muft neceflarily move towards that 
part, from whence it finds leaft refiftance, and fo be accelerated, as the re- 
finance decreales. Hence the more the water is raifed under that part 
of its way it is pafling above the middle, the fafter it is moved : And 
therefore you will find it to move fafter in E then in D, and in D then 
in C. Neither could I find the floating fubftance to be moved at all un- 

!™ p1 ^ upon fome part of the Superficies thatwas fenlibly ele- 

trueinr ° Ve ^ middle P art ’ Now that this may be the 

true caule, you may try with a blown Bladder, and an exaftly round Ball 

upona veryfmoothficleof fome pliable body, as Horn of Quicksilver 

fldi S h ^ Ba -aa, P aC r d Under a P art of the Bladder which mipon one 
A? the ™ d< J^ ,ts preflure , and you prefs ftrongly againft the 
er,you lhall find the Ball moved from the middle towards the fides. 

Having 
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Having therefore (hewn the reafon of the motion of any float towards 
the fides, the reafon of the incurfion of any two floating bodies will eafi- 
ly appear : For the rifing of the water againfi: the lides of either of 
them,is an Argument fufficient,to fhew the preflure of the Air to be there 
lefs,then it is further from it, where it is not fo much elevated 3 and there- 
fore the reafon of the motion of the other toward it , will be the fame as 
towards the fide of the Glals 3 only here from the fame reafon , they are 
mutually moved toward each other , whereas the fide of the Glafs in the 
former remains fixt. If alfo you gently fill the Jar fo full with water, 
that the water is protuberant above the fides, the fame piece of Cork that 
before did haften towards the fides , does now fly from it as faff towards 
the middle of the Superficies 3 the reafon of which will be found no o- 
ther then this, that the preflure of the Air is ftronger againfi the fides of 
the Superficies G and H, then againfi the middle 1 5 for fince, as I (hewed 
before, the Principle of congruity would make the terminating Surface 
Spherical , and that the flatting of the Surface in the middle is from the 
abatement of the waters preflure outwards, by the contrary indeavour 
of its gravity 3 it follows that the preflure in the middle muft be lefs then 
on the fides 3 and therefore the confecution will be the fame as in the 
former. It is very odd to one that confiders not the reafon of it , to fee 
two floating bodies of wood to approach earch other,as though they were 
indued with fome magnetical vigour 3 which brings into my mind what I 
formerly tried with a piece of Cork or fuch like body, which I fo order- 
ed, that by putting a little ftick into the fame water, one part of the faid 
Cork would approach and make toward the fiick, whereas another 
would difcede and fly away, nay it would have a kind of verticity , fo as 
that if the Equator (as I may fo fpeak) cf the Cork were placed to- 
wards the ftick, if let alone, it would inftantly turn its appropriate Pole 
toward it, and then run a-tilt at itrand this was done only by taking a dry 
Cork, and wetting one fide of it with one (mall ftroak 3 for by this means 
gently putting it upon the water, it would deprefs the fuperficies on eve- 
ry fide of it that was dry , and therefore the greateft preflure of the Air, 
being near thofo fides caufod it either to chafe away,or elie to fly r ofl from 
any other floating body, whereas that fide only, againfi which the water 
afcended, was thereby able to attraCf. . 

It remains only, that I fhould determine how high the Water or other 
Liquor may by this means be raifed in a fmallerPipe above the Superfi- 
cies of that without it , and at what height it may befuftamed: But to 
determine this, will be exceeding difficult, unlefs I could certainly know 
how much of the Airs prefl'ure is taken oft by the fmalnefs ofluch and 
luch a Pipe^and whether it may be wholly taken off,that is 3 whethei there 
can be a hole or pore fo fmall , into which Air could not at all enter, 
though water might with its whole force 3 for were there fiich , tis roani- 
fefi, that the water might rife ink to fome five or fix and thirty EngliUj 
Foot high. I know not whether the capillary Pipes in the bodies of fmall 
Trees, which we call their Microfcopical pores ,may not be luch 3 and wne- 
ther the congruity of the fides of the Pore may not yet dravy the juyee 
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even higher then the Air was able by its bare preflure toraife it: For, 
Congruity is a principle that not only unites and holds a body joyned to 
it, but, which is more, attra&s and draws a body that i$ very near it, and 

holds it above its ufual height. 

And this is obvious even in a drop of water impended under any bi- 
miiar or Congruous body : For,befides the ambient preflure that helps to 
keep it fufteind, there is the Congruity of the bodies that are contigu- 
ous. This is yet more evident in Tenacious and Glutinous bodies 3 fuch 
as Gummous Liquors, Syrups, Pitch, and Pvofln melted &c. Tar, Tur- 
pentine, Balfom, Bird-lime. &c. for there it is evident , that the Parts 
of the tenacious body, as I may fo call it, do fiick and adhere fo clofe- 
ly together, that though drawn out into long and very (lender Cylin- 
ders, yet they will not eafily relinquifti one another 3 and this, though 
the bodies be aliquatems fluid, and in motion by one another 3 which, 
to fuch as confider a fluid body only as its parts are in a confufcd irregu- 
lar motion, without taking in alfo the congruity of the parts one among 
another, and incongruity to fome other bodies, does appear not alittle 
ftrange. So that befides the incongruity of the ambient fluid to it, we 
are to confider alfo the congruity of the parts of the contein’d fluid one 
with another. 

And this Congruity ("that I may here a little further explain it J is both 
a Tenaceous and an Attractive power 3 for the Congruity, in the Vi- 
brative motions, may be the caufeof all kind of attraction, not only Ele- 
ctrical, but Magnetical alfo, and therefore it may be alfo of Tenacity 
and Glutinoufoels. For, from a perfeCt congruity of the motions of two 
diftant bodies, the intermediate fluid particles are feparated and dro- 
ven away from between them, and thereby thofo congruous bodies are, 
by the incompafling mediums, compelldand forced neerer together 3 
wherefore that attraCtivenefs muft needs be ftronger, when, by an im- 
mediate contaCt, they are fore d to be exaCtly the fame : As I (hew more 
at large in my Theory of the Magnet. And this hints to me the reafon of 
the fufpenfion of the Mercury many inches, nay many feet, above the ufu- 
al (ration of 30 inches, F or the parts o( being (b very 

fimilar and congruous to each other, if once united,' will not eafily fuffer 
? divumon : And the parts of water, that were any wayes heterogeneous. 
being by cxantlatwn or rarefaction exhaufted, the remaining parts being 
a!fo very fimilar, will not eafily part neither. And the parts of the Glai 

™w g f‘ )1 i^f c , mo J^ dlftc «%^joyn’d^ and the wafer, being fome- 
, ^ mi ar to 1S 3 as it were, a medium to unite both the Glafs and 

the Mercury together. So that all three being united, and notverydif- 
fimilar, by means of this contafi, if care be 8 taken that the Win e- 

fhldi 8 „ b t n °' "’"W": 4 , will remain fufpended, notwith- 

dinatf, ^by-^^fofCravity.agrathe^htaboveTo^ 

_ ‘ ^ tatI °. n 5 but it this immediate ContaCt be removed either hv a 
meer reparation of them one from another by the force of a (boe where 

forflce foine afe 5 ^ f Z 

g paits, and fo hurling them makes them air 3 or elfe 

by 
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byfome fmall heterogeneous agilpartof the Water, or Air, or Quick* 
filver, which appears like a bubble, and by its jumbling to and fro there is 
made way for the heterogeneous JEther to obtrude it lelf between the 
Glafs and either of the other Fluids, the Gravity of Mercury precipitates 
it downward with very great violence $ and if the Veflel that holds the 
reflagnating Mercury be convenient, the Mercury will for a time vibrate to 
and fro with very large reciprocations^ and at laft will remain kept up by 
the prefiure of the external Air at the height of neer thirty inches. And 
it may be objected, that it cannot be, that the tneei imbodying 
of the JEther between thefe bodies can be the caufe,fince the Mther ha- 
ving a free paffage alwayes , both through the Pores of the Glafs, and 
•through thofe of the Fluids, there is no reafon why it fhould not make a 
reparation at all times whilft it remains fufpended, as when it is violently 
dif-joyned by a fhog. To this I anfwer , That though the Mthcr pafles 
between the Particles, that is, through the Pores cf bodies, fo as that any 
chalme or feparation being made , it has infinite paflages to admit its en- 
try into it, yet fiich is the tenacity or attractive vit tuc of Congi uit j , that 
till it be overcome by the meer flrength of Gravity, or by a fhog afiifting 
that Conatus of Gravity, or by an agil Particle, that is like a leaver agi- 
tated by the Mtber ; and thereby the parts of the congruous fubftances 
are feparated fo far afunder , that the flrength of congruity is fo far wea- 
kened as not to be able to reunite them, the parts to be taken hold of be- 
ing removed out of the attra&ive Sphere., as I may fo ipeak^ of the con- 
sruity ^ fuch, I fay, is the tenacity of congruity, that it retains and holds 
the almoft contiguous Particles of the Fluid , and fufiers them not to be 
feparated, till by meer force that attractive or retentive faculty be over- 
come: But the feparation being once made beyond the Sphere of the 
attractive aCtivity of congruity , that virtue becomes of no effect at all, 
but the Mercury freely falls downwards till it meet with a refinance from 
the prefliireof the ambient able to ixfift its gravity, and keep it for- 

ced up in the Pipe to the height of about thirty inches. 

Thus have I gently raifed a Steel pendulumby aLoadftone to a great 
Angle.till by thefhaking of my hand I have chanced to make a fepara- 
tior. between them, which is no fooner made, but as if the Loadftcne had 
retained no attractive virtue, the Pendulum moves freely from it towards 
the other fide. So vaft a difference is there between the attractive vir- 
tue of the Magnet when it aCts upon a contiguous and upon a disjoyned 
body: and much more muff there be between the attractive virtues of 
congruity upon a contiguous and disjoyned body; and in truth the attra- 
ctive virtue is fo little upon a body disjoyned, that though I have with a 
Microjcopc obferved very diligently, whether there were any extraordi- 
nary protuberance on the fide of a drop of water that was exceeding neer 
to the end of a green flick, but did not touch it, I could not perceive the 
lead- though I found, that as foon as ever ittoucht itthe vvholediop 
would prefently unite it felf with it ; fo that it feems an abfolute con- 
taCl is requifite to the exercifing of the tenacious faculty of congruit} • 

Obferv. 
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Obferv. VII. Of fome Phenomena cf Glafs drops. 

TH tCcdafs Drops are fmall [parcels of coarfe green Glafs taken outof 
T the Pots that contain the Metal f as they call it ) in fufion upon the 
end of an Iron Pipe 5 and being exceeding hot and thereby of a kind of 
fluggilh fluid Confidence, are differed to drop from thence into a Bucket 
offcold Water, and in it to lye till they be grown fenfibly cold. 

f Some of thefe I broke in the open air , by fnapping off a little of the 
fmall dem with my fingers, others by crufhmg it with a final pair of Ply- 

ers; which I had no fooner done , then the whole bulk of the drop fleW 

violently with a very brisk noife, into multitudes of fmail pieces, fome of 
which were as fmall as dud, though in fome there were remaining pieces 
pretty large, without any flaw at all,and others very much flaw d, which 
by rubbing between ones fingers was eafily reduced to dud 5 thefe di- 
fperfed every way fo violently , that fome of them pierced my skin. I 
could not find, either with my naked Eye, or a Microfiope , that any of the 
broken pieces were of a regular figure, nor any one like another , but for 
the mod part thofe that flaw’d off in large pieces were prettily brail- 

check 

The ends of others of thefe drops I nipt off whild all the bodies and 
ends of them lay buried under the water, which, like the former, flew all 
to pieces with as brisk a noife, and as drong a motion. 

Others of thefe I tried to break, by grinding away the blunt end, and 
though I took a feemingly good one , and had ground away neer two 
thirds of the Ball, yet would it not fly to pieces, but now and then fome 
fmall rings of it would fnap and fly off, not without a brisk noife and 
quick motion,leaving the Surface of the drop whence it flew very pretti- 
ly branched or creafed , which was eafily difcoverable by the Microfcopet 
This drop, after I had thus ground it, without at all impairing the remnant 
that was not ground away, I caufed to fly immediately all into land upon 
the nipping ofl the very tip of its (lender end. 

Another of thefe drops I began to grind away at the fmaller end , but 
had not worn away on the ftone above a quarter of an inch before the 
whole drop flew with a brisk crack into fund or fmall dull 5 nor would 
it have held fo long , had there not been a little flaw in the piece that I 
ground away, as I afterwards found. 

Several others of thefe drops I covered over with a thin but very tuff 
skin of Icthyocolia , which being very tough and very tranfparent,was the 
moft convenient fubftance for thefe tryals that I could imagine, having 
dipt, I fay, feveral of thefe drops in this tranfparent Glue whilft hot , and 
fullering them to hang by a firing tied about the end of them till they 
were cold, and the skin pretty tough 5 then wrapping all the body of the 

G drop 
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drop ( leaving out only the very tip ) in fine fupple Kids-leather very 
Clofely,! nipped off the fmall top, and found, as I expefred, that notwith- 
ftanding this skin of Glue , and the clofe wrapping up in Leather , upon 
the breaking of the top, the drop gave a crack like the reft, and gave my 
hand a pretty brisk impulfe: but yet the skin and leather was fo ftrong as 
to keep the parts from flying out of their former pofture '■> and, the skin 
being tranfparent * I found that the drop retained exactly its former fi- 
gure and polilh, but was grown perfectly opacous and all over flaw'd, all 
thofe flaws lying in the manner of rings, from the bottom or blunt end, to 
the very top or (mall point. And by feveral examinations with a Micro* 
fcope i of feveral thus broken, I found the flaws, both within the body of 
the drop, and on the outward furface, to lye much in this order. 

Let A B in the Figure X of the fourth Scheme reprefent the drop cafed 
over with Ifthyocolla or ifnglafs , and ( by being ordered as is before pre- ‘ 
fcribed ) crazed or flawed into pieces, but by the skin or cafe kept in its 
former figure , and each of its flawed parts preferved exactly in its due 
pofture 5 the outward appearance of it fomewhat plainly to the naked 
eye , but much more conspicuous if viewed with a fmall fenls appeared 
much after this fhape. That is , the blunt end B for a pretty breadth, 
namely , as far as the Ring C C C feemed irregularly flawed with divers 
clefts, which all feemed to tend towards the Center of it, being, as l af- 
terwards found , and (hall anon fhew in the defcriptionof the figure Y, 
the Bafis, as it were, of a Cone, which was terminated a little above the 
middle of the drop , all the reft of the Surface from C C C to A was 
flawed with an infinite number of fmall and parallel Rings, which as they 
were for the moft part very round , lo were they very thick and clofe 
together, but were not fo exa&ly flaw’d as to make a perfect Ring , but 
each circular part was by irregular cracks flawed likewife into multitudes 
of irregular flakes or tiles $ and this order was obferved likewife the 
whole length of the neck. 

Now though I could not fo exactly cut this conical Body through the 
Axit, as is reprefented by the figure Y 5 yet by anatomizing, as it were, 
of feveral, and taking notice of divers particular circumftances, I was in- 
formed, that could I have artificially divided a flaw'd drop through the 
Axis or Center , I fbouldwith a Microfcope have found it to appear much 
of this form , where A fignifies the Apex , and B the blunt end, C C the 
Cone of the Bafis, which is terminated at T the top or end of it , which 
feems to be the very middle of the blunt end in which, not only the co- 
nical body of the Bafis C C is terminated, but as many of the parts of the 
drop as reach as high as D D. 

And it feemed to be the head or beginning of a Pith, as it were, or a 
a part of the body which feemed more fpungy then the reft, and much 
more irregularly flawed, which from T afeended by EE, though left vi- 
fible, into the Imall neck towards A. The Grain, as it were, of all the 
flaws , that from all the outward Surface A DC C D A, was much the 
fame, as is reprefented by the black ftrokes that meet in the middle DT, 
DT, DE,D E, &c. 
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Nor is this kind of Grain , if I may call it, peculiar 
ouenched; for C not to mention J otic d c of to be in the 

V- in the middlej 

*SLved* e lime in all manner of calf Iron , especially the coat- 
r h fnrf fuchas Steves, and Furnaces, and Backs, and Pots are made of. 
r rf nnon the breaking of any of thofe Subftances it is obvious to ob- 
ferve Tow from the out-fides towards the middle, there is a kind of 
Radiation or Grain much refembling this of the Glafs-drops but thus 
Grain s moft confpicuous in Iron-bullets , if they be broken : the fame 
Phenomena may be produced by calling regulus of Antimony into 
a Bullet-mold, asalfo mthGlafi of Antimony , or vvith almoft any fuch 
kind of Vitrified fubfiance , either call into a cold Mold or poured into 

Others of thefe Drops I heat red hot in the fire, and then buffered them 
to cool by degrees. And thefe I found to have quite loft all their fulmi- 
nating or flying quality, as alfo their hard, brittle and fpringy texture 5 
and to emerge" of a much fofter temper, and much eafier to be broken or 
Inapt with ones finger^but its ftrong and brittle quality was quite deftioy- 
ed, and it feemed much of the fame confiftence with other green Glafs 
well nealed in the Oven. 

The Figure and bigneft of thefe for the moft part Was the fame with 
that of the Figure Z 5 that is, all the furface of them was very fmooth and 
poli!ht,and for the moft part round , but very rugged or knobbed about 
D, and all the length of the ftem was here and there pitted or flatted. 
About D, which is at the upper part of the drop under that fide of the 
ftem which is concave, there ufually was made fomeoneor more little 
Hillocks or Prominences. The drop it felf, before it be broken, appears 
very tranfparent, and towards the middle of it, to be very full of fmall 
Bubbles, of fome kind of aerial fubftance, which by the refra&ion of the 
outward furface appear much bigger then really they are 5 and this may 
be in good part removed, by putting the drop under the furface of clear 
Water, for by that means moft part of the refraction of the convex Sur- 
face of the drop is deftroyed , and the bubbles will appear much fmaller. 
And this, by the by, minds me of the appearing magnitude of the aper* 
ture of the ir is, ov pupil o£ the eye, which though itappear. and be there- 
fore judged very large , is yet not above a quarter of the bignefs it ap- 
pears of, by the lenticular refraction of the Cornea . 

The caufeof all which Thcenomena I imagine to be no other then this. 
That the Parts of the Glafs being by the exceffive heat of the fire kept 
off and feparated one from another, and thereby put into a kind of Ilug- 
gilh fluid confiftence , are fuffered to drop off with that heat or agitation 
remaining in them, into cold Water 5 by which means the outfidesof the 
drop are prefently cool’d and crufied , and are thereby made of a loofe 
texture, becaufe the parts of it have not time to fettle themfelves leifurely 
together , and fo to lie very clofe together : And the innermoft parts of 
the drop, retaining ftill much of their former heat and agitations, remain 
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of a loofe texture alfo, and, according as the cold ftrikes inwards from the 
bottom and fides, are quenched, as it were, and made rigid in that very 
pofture wherein the cold finds them. For the parts of the crufi being 
already hardened , will not fuffer the parts to fhr ink any more from the 
outward Surface inward 5 and though it fhrink a little by reafon of the 
fmall parcels of fome Aerial fubftances difperfed through the matter of 
the Glaft, yet that is not neer fo much as it appears f as I juft now hint- 
ed 0 nor if it were, would it be Efficient for to confolidate and condenfe 
the body of Glafs into a tuff and clofe texture , after it had been fo ex- 
cefiively rarified by the heat of the glals-Furnace. 

But that there may be Rich an expanfion of the aerial fubftance con- 
tained in thofe little blebbs or bubbles in the body of the drop , this fol- 
lowing Experiment will make more evident. 

Take a fmall Glafs-Cane about a foot long , feal up one end of it her - 
tnetic allyjhen put in a very fmall bubble of Glafs, almoftof thefhape of 
an Eflence-viol with the open mouth towards the fealed end , then draw 
out the other end of the Pipe very fmall, and fill the whole Cylinder with 
water , then fet this Tube by the Fire till the Water begin to boyl , and 
the Air in the bubble be in good part rarified and driven out , then by 
fucking at the fmalling Pipe, more of the Air or vapours in the bubble 
may be fuck'd out , fo that it’ may fink to the bottom 5 when it is funk to 
the bottom,in the flame of a Candle, or Lamp,nip up the flender Pipe and 
let it cool : whereupon it is obvious to obferve, firft, that the Water by 
degrees will fubfide and fhrink into much lefs room : Next, that the Air 
or vapours in the Glafs will expand themfelves fo, as to buoy up the little 
Glafs- Thirdly, that all about the infide of the Glafs-pipe there will ap- 
pear an infinite number of fmall bubbles, which as the Water grows colder 
and colder will fwell bigger and bigger, and many of them buoy them- 
felves up and break at the top. 

From this Dj feeding of the heat in Glafs drops, that is, by the quenching 
or cooling Irradiations propagated from the Surface upwards and in- 
wards, by the lines CT, CT, DT, D E,&c. the bubbles ini the drop 
have room to expand themfelves a little, and the parts of the Glafs con- 
trad themfelves 5 but this operation being too quick for the iluggifh parts 
of the Glafs, the contraction is performed very unequally and irregularly, 
and thereby the Particles of the Glafs are bent, fome one way, and feme 
another yet fo as that moft of them draw towards the Pith or middle 
TEE E* or rather from that outward: fo that they cannot extricate or 
unbend themfelves, till fome part of T E E E be broken and loofened, 
for all the parts about that are placed in the manner of an Arch , and io 
till their hold at T EE E be loofened they cannot fly afunder, but up- 
hold, and fhelter, and fix each other much like the ftones in a Vault, 
Where each ftone does concurre to the ftability of the whole Fabrick, 
and no one ftone can be taken away but the whole Arch falls. And where- 
foever any of thofe radiating wedges DT D,&c .are removed, whicn 
are the component parts of this Arch, the whole Fabrick prefently falls to 
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. . . r r all the Springs of the feveral parts are fet at liberty , which 

? l m C- t „i v extricate themfelves and fly afunder every way 3 each par t 
FfjL forin/contributing to the darting of it felf and fome other contigu- 
^ P "g ut jf t his drop be heat fo hot as that the parts by degrees can 
OU ?jL j themfelves, and be fettled and annealed in that pofture , and be 
S^fi^gendy tofubfideand cool, The parts by this nailing ;lo- 
fins? their fpringinefs , conftitute a drop of a more loft but lefs brittle ttx 
ture and the parts being not at all under a flexure, though any part of the 
middle or Pith T E E E be broken,yet will not the drop at all fly to pieces 

4S Thb Conje&ure of mine I fhall indeavour to make out by explain- 
ing each particular Allertion with analogous Experiments : The Ailertions 
arethele. 

Firft , That the parts of the Glafs , whilft in a fluid Confiftence and 
hot, are more rarified, or take up more room, then when hard and 

C °Secondly , That the parts of the drop do fuffer a twofold contra- 
ction. ... * • . 

Thirdly , That the dropping or quenching the glowing metal in the 

Water makes it of a hard, fpringing,and ratified texture. 

Fourthly , That there Is a flexion or force remaining upon the parts 
of the Glafs thus quenched , from which they indeavour to extricate 
themfelves. 

Fifthly, That the Fabrick of the drop, that is able to hinder the parts 
from extricating themfelves, is analogus to that of an Arch. 

Sixthly, That the fudden flying afunder of the parts proceeds from 
their fpringinels. 

Seventhly, That a gradual heating and cooling does anneal or reduce 
the parts of Glafs to a texture that is more loole , and eafilier to be bro- 
ken, but not fo brittle. 

That the firft of thefe is true may be gathered from this, That Heat if 
a property of a body arffing from the motion or agitation of its parts 5 and 
therefore whatever body is thereby toucht muft neeeflarily receive fome 
part of that motion.whereby its parts will be ihaken and agitated, and fo 
by degrees free and extricate themfelves from one another , and each 
part fo moved does by that motion exert a conatus of protruding and dip 
placing all the adjacent Particles. Thus Air included in a veflel, by be- 
ing heated will burft it to pieces. Thus have I broke a Bladder held 
over the fire in my hand, with fuch s violence and noife , thatitalmoft 
made me deaf for the prefent,and much furpafled the noife of a Musket: 
lhe like have I done by throwing into the fire fmall glafs Bubbles her- 
metically fealed , with a little drop of Water included in them. Thus 
water alio, or any other Liquor, included in a convenient veflekby being 
warmed , mamfeftly expands it felf with a very great violence fo as ta 
break the ftrongeft veflel, if when heated it be n^rowly imprifonedfoiw 

- This 
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This is very manifeft by the fealed Thermometers, which I have, by feve- 
ral tryals, at laft brought to a great certainty and tendernefs : for I have 
made fome with ftems above four foot long, in which the expanding Li- 
quor would fo far vary,as to be very neer the very top in the heat of Sum- 
mer, and prety neer the bottom at the coldeft time of the Winter. The 
Stems I ufe for them are very thick, ftraight, and even Pipes of Glafs,with 
a very fmall perforation , and both the head and body I have made on 
purpofe at the Glafs-houfe, of the fame metal whereof the Pipes are 
drawn: thefe I caneafilyin the flame of a Lamp, urged with theblaft of 
a pair of Bellows, feal and clofe together, fo as to remain very firm, clofe 
and even ; by this means I joyn on the body firft, and then fill both it and 
a part of the ftem, proportionate to the length of the ftem and the 
warmth of the feafon I fill it in with the bell: rectified Spirit of Wine high- 
ly ting’d with the lovely colour of Cocheneel , which I deepen the more 
by pouring lome drops of common Spirit of 'Urine , which mull: not be 
too well rectified , becaufe it will be apt to make the Liquor to curdle 
and flick in the fmall perforation of the ftem. This Liquor I have upon 
tryal found the moft tender of any fpirituous Liquor, and thofe are much 
more fenfibly affetted with the variations of heat and cold then other more 
flegmatick and ponderous Liquors , and as capable of receiving a deep 
tin&ure, and keeping it, as any Liquor whatloever ; and ( which makes 
it yet more acceptable ) is not iubjett to be frozen by any cold yet 
known. When I have thus filled it,I can very eafily in the foremention- 
ed flame of a Lamp feal and joyn on the head of it. 

Then, for graduating the ftem, I fix that for the beginning of my di- 
vifion where the furface of the liquor in the ftem remains when the 
ball is placed in common diftilled water, that is fo cold that it juft begins 
to freeze and fhoot into flakes 5 and that mark I fix at a convenient place 
of the ftem, to make it capable of exhibiting very many degrees of cold, 
below that which is requifite to freeze water : the reft of my divihons, 
both above and below this (which I mark with a [o] or nought,) I place 
according to the Degrees of Expanfion, or Contraction of the Liquor in 
proportion to the bulk it had wheri it indur’d the newly mention’d freez- 
ing cold. And this may be very eafily and accurately enough done by 
this following way 5 Prepare a Cylindrical veflel of very thin plate Brals 
or Silver, ABC D of the figure Z ; the Diameter A B ofwhofe cavity 
let be about two inches, and the depth B C the fame 5 let each end :>e 
cover’d with a flat and fmooth plate of the fame fubftance, clofe y foder : d 
on, and in themidft of the upper cover make a pretty large hole E F, 
about the bignefsof a fifth part of the -Diameter of the other; into this 
faften very well with cement a ftraight and even Cylindrical pipe of Glals, 
E F G H, the Diameter of whofe cavity let be exadtly one tenth of the 

Diameter of the greater Cylinder. Let this pipe be mark d at GH with 

aDiamant, fo that G from E may be diftant juft two inches, or the lame 
height with that of the cavity of the greater Cylinder, then divide the 
length E G exactly into 10 parts, lo the capacity of the hollow of each 
of Thefe divifions will be ~ part of the capacity of the greater Cyhn- 
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Jer This veflel being thus prepared, tire way of marking and gradu- 

ating the Thermometers may be very eafily thus performed : 

Fill this Cylindrical veflel with the lame liquor wherewith the Ther- 
mometers arc fill’d, then place both it and the Thermometer you are to 
graduate in water that is ready to be frozen, and bring the furface of the 
liquor indie Thermometer to the firft marke or [o]; then fo proportion 
the liquor in the Cylindrical veflel, that the furface of it may juft be at 
the lower end of the fmall glafs-Cy finder ; then very gently andgradu- 
ally warm the water in which both the Thermometer and this Cylindrical 
veflel ftand, and as you perceive the ting’d liquor to rife in both ftems, 
with the point of a Diamond give feveral marks on the ftem of the Ther- 
mometer at thofe places, which by comparing the expanfion in both 
Stems , are found to correfpond to the divifions of the cylindrical veflel, 
and having by this means marked fome few of thefe divifions on the 
Stem , it will be very eafie by thefe to mark all the reft of the Stem, 
and accordingly to aflign to every divifion a proper character. 

A Thermometer , thus marked and prepared, will be the fitteft Inftru- 
ment to make a Standard of heat and cold that can be imagined. For 
being fealed up, it is not at all lubjefl: to variation or wafting, nor is it lia- 
ble to be changed by the varying preflure of the Air , which all other 
kind of Thermometers that are open to the Air are liable to. But to pro- 
ceed. 

This property of Expanfion with Heat, and Contra&ion with Cold, is 
not peculiar to Liquors only, but to all kind of folid Bodies alio, elpeci- 
ally Metals, which will more manifeftly appear by this Experiment. 

Take the Barrel of a Stopcock ofBrafs, and let the Key, which is well 
fitted to it,be riveted into it,fo that it may flip, and be eafily turned round, 
then heat this Cock in the fire, and you will find the Key fo fwollen, that 
you will not be able to turn it round in the Barrel 5 but if it be fuffered 
to cool again, as foon as it is cold it will be as movable, and as eafie to be 
turned as before. 

This Quality is alfo very obfervable in Lead, Tin , Silver. J Antimony, 
Titch,Roftn,Bees-r»ax. Butter ,and the like; all which, if after they be melted 
you fuffer gently to cool , you fhall find the parts of the upper Surface 
tofubfide and fall inwards , lofing that plumpnefs and fmoothnefs it had 
whilftin fufion. . The like I have alio obferved in the cooling of Glaji 
of Antimony, which does very neer approach the nature of Glafs, 

But becaufe thefe are all Examples taken from other materials then 
Glals, and argue only, that poffibly there may be the like property alio in 
Glafs, not that really there is ; we fliall by three or four Experiments in- 
deavour to manifeft that alfo. 

And the Firft is an Oblervation that is very obvious even in thefe very 
drops, to wit, that they are all of them terminated with an unequal or ir- 
J fPi ^ Surface, especially about the fmallcr part of the drop , and the 
whole length of the ftem 3 as about D, and from thence to A, the whole 

is hv h 4 whlch T U ! L h n V , C becn r ° und the dro P had cool’d leifurely, 
s, by being quenched haftily,very irregularly flatted and pitted ; which 
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I fuppofe proceeds partly from the Waters unequally cooling and pref- 
ling the parts of the drop, and partly from the felf-contraCcing or fubfi- 
ding quality of the fubftance of the 'Glafs: For the vehemency of the 
heat of the drop caufes fuchfudden motions and bubbles in the cold Wa- 
ter, that lome parts of the Water bear more forcibly againft one part then 
againft another , and confequently do more fuddenly cool thofe parts to 

which they are contiguous. . 

A Second Argument may be drawn from the Experiment of cutting 
Glafles with a hot Iron. For in that Experiment the top of the Iron 
heats, and thereby rarifies the parts of the Glafs that lie juft before the 
crack whence each of thofe agitated parts indeavouring to expand its 
felf and get elbow-room, thrufts off all the reft of the contiguous parts, 
and confequently promotes the crack that was before begun. ^ 

A Third Argument may be drawn from the way of producing a crack 
in a found piece or plate of Glals, which is done two wayes, either Fiift, 
by fuddenly heating a piece of Glafs in one place more then in another. 
And by this means chymijis ufually cut off the necks of Glafs-bodies, 
by two kinds of Inftruments, either by a glowing hot round Iron-Ring, 
which juft incompafies the place that is to be cut , or elfe by a Sulphur a 
Threed which is often wound about the place where the feparation is to 
be made, and then fired. Or Secondly,A Glafs may be cracked by cooling 

it fuddenly in any place with Water, or the like, after it has been all lei- 
furely and gradually heated very hot. Both which Phenomena feem ma- 
nifeftly to proceed from the expanfion and contraction of the parts of 
the Glafs which is alfo made more probable by this circumftance which 
I have obferved , that a piece of common window-glafs being heated in 
the middle very fuddenly with alive Coal or hot Iron^does ufually at the 
firft crack fall into pieces,whereas if the Plate has been gradually heated 
very hot, and a drop of cold Water and the like be put on the mid- 
dle of it, it only flaws it, but does not break it afunder immedi- 

^A^Fourth Argument maybe drawn from this Experiment 5 Take a 
Glafs-pire, and fit into it a folid ftickof Glafs, fo as it will but juft be mo- 
ved in it. Then by degrees heat themwhilft they are one within ano- 
ther and they will grow ftifter, but when they are again cold, they will be 
aseafie to be turned as before. This Expanfion of Glafs is more mam- 

ftl TA m cTafs ofaconfiderable length,and fit it fo bttweenthe 

two ends or lerews of a Lath, that it may but jufteafily turn,and that th 
very ends of i may be juft toucht and fufteined thereby 5. then applying 
Same of the Candle to the middle of it, and heating it hot, you will 
prefently find the Glafs to ftick very faft on thofe points, and not without 
much difficulty to be convertible on them, before that by removing 
flame fora while from it, it be fuffered to cool, and then you will find it 

as eafie to be turned round as at the firft. . , r r. j; es 

From all which Experiments it is very evident , that all thofe Bod, 

and particularly Glafs, fuffers an Expanfion by Heat, and that a ^ 5 ^ 




Robert hooke Micrographia London, 1 



Ml C ROG R A P H I A» 

fiderable one, whilft 

m TTlkZrtstZs,t mre/ofeJdfrjLb other f l leave 

anl n- ^j v fa k e up much more room then when they were at left, apd lay 
upon each^ other. And this is further confirmed by a Pot oiboyhng 
Jlabjer which will manifeftly rife a lixth or eighth part higher H 1 thePot, 
whilft it is boy lins?, then it will remain at, both before and after it be bgyfc- 
ed.The reafon of which odd Phenomenon ( to hint it here only by the way ) 
is this that there is in the curious powder of Alabafter, and other calcining 
Stones, a certain watery lubftance, which is fofixt and included with the 
lolid Particles, that till the heat be very confiderable they will not fly away$ 
but after the heat is increafed tofuch a degree , they break out every way 
in vapours, and thereby fo (hake and loofen the finall corpuftesofthe Pow- 
der lrom each other, that they become perfectly of the nature ot a fluid bo- 
dy, and one may move a (tick to and fro through it, and ftir it as eaGly as 
water, and the vapours burft and breakout in bubbles juft as in boyling 
water, and the likes whereas, both before thofe watery parts are flying 
away, and after they are quite gone.} that is, before and after it have done 
boyling, all thofe efle&s ceafe , and a ftick is as difficultly moved to and fro 
in it as in fand, or the like. Which Explication I could eafily prove, had I 
times but this is not a fit place for it. 

To proceed therefore,! (ay, that the dropping of this expanded Body in- 
to cold Water, does make the parts of the Glafs fuffer a double contraction : 
The firft is, of thole parts which arc neer the Surface of the Drop. For Cold, 
as I laid before, contracting Bodies, that is } hy the abatement of the agitating fa- 
culty the parts falling neerer together s the parts next ad joying to the Water 
mull needs lofe much of their motion , and impart it to the Ambient-water 
(which the Ebullition and commotion of it manifefts) and thereby become 
a folid and hard cruft , whilft the innermoft: parts remain yet fluid and ex- 
panded s whence, as they grow cold alfo by degrees, their parts mult necefia- 
rily be left at liberty to be condenled , but bec.aufe of the hardnefs of the 
outward cruft, the contraction cannot be admitted that waysbut there being 
many very lmall, and before inconfpicuous, bubbles in the fubftance of the 
Glafs, upon the lubfiding of the parts of the Glafs, the agil fubftance contain- 
ed in them has liberty of expanding it felf a little,and thereby thofe bubbles 
grow much bigger, which is the fecond Contraction. And both thefe are con- 
firmed from the appearance of the Drop it (elf: for as for the outward parts 
V ^* e 1 j ^ ^ rre g u la r and {hrunk 5 as it were 5 which is cauled by the 
^ r ^ hardened Skin to a Contraction , after the very out- 

mo Surface is fettled 3 and as for the internal parts, one may with ones 

naked Eye perceive abundance of very confpicuous bubbles, and with the 
Mtcrofopt many more. 

° f u hich Par£i ? Iai i s wil1 ea % make the Third Pofiti- 
of rrarffied' of the ^op will be of a very hard, though 
hard cruft will ind^’ or oiitward parts of thcDrop,byrealbn ofits 

1 - Wl11 lndure ver >’ httle Contraction, and the agil Particles, inclu- 
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ded in thofe bubbles, by the lofing of their agitation, by thedecreafe of the 
Heat,lole alfo moft part of their Spring and Expanfive poweryt follows (the 
withdrawing of the heat being very fudden) that the parts muft be left in a 
very loofe Texture, and by reafonof the implication of the parts one about 
another, which from their Uuggifhnes and glutinoufnefs I fuppofe to be much 
after the manner of the fticks in a Thorn-bulb, or a Lock oi Wooftlt will fol- 
low, I fay, that the parts will hold each other vefy ftrongly together, and in- . 
deavour to draw each other neerer together , and confequently their Tex- 
ture muft be very hard and ftiff, but very much ratified. 

And this will make probable my next Pofition, I hat the parts of the Glafs 
are under a kind oftenfion or flexure,out of which they indeavour to extricate and 
free themfelves, -anti. thereby all the parts draw towards the Center or middle, 
and would, if the outward parts would give way, as they do when the out- 
ward parts cool leifurely (as in baking ol Glafles_) contract the bulk of the 
drop into a much lefs compafs. For fince.as I proved before,the Internal parts 
of the drop, when fluid,were of a very rarified Texture.and,as it were,tos’d 
open like a Lock of Wool, and if they were buffered leifurely to cool, would 
be again preft, as it were,clofe together: And fince that the heat, which kept 
them bended and open, is removed , and yet the parts not fuffered to get as 
neer together as they naturally would } It follows, that the Particles remain 
under a kind of tenflon and flexure , and confequently have an indeavour to 
free themfelves from that bending and diftenfton , which they do, asfoon as 
either the tip be broken, or as foon as by a leifurely heating and cooling, 
the parts are nealed into another pofture. 

And this will make my next Pofition probable,that the parts of theClafs drops 
are contignated together in the form of an Arch, and cannot any where yield or 
be drawn inwards, till by the removing of fome one part of itf as it happens in 
the removing one of the ftones of an Arch)the whole Fabrick is fhatter’d,and 
falls to pieces,and each of the Springs is left at liberty,fuddenly to extiicate it 
felf : for fince I have made it probable, that the internal parts of the Glafs have 
a contractive power inwards, and the external parts are incapable of fuch a 
Contraction, and the figure of it being fphericalfit follows, that the fuperhcial 
parts muft bear againft each other , and keep one another from being con- 
dens’d into a lefs room, in the fame manner as the ftones of an Arch conduce 
to the upholding each other in that Figure. And this is made more probable 
bv another Experiment which was communicated to me by an excellent Per- 
fon whole extraordinary Abilities in all kind of Knowledg, especially in that 
of Natural things, and his generous Difpofition in communicating, mcouraged 
me to have recourfe to him on many occafions. The Experiment was this : 
Small Glafs-balls ( about the bignefs of that represented in the Figure &.) 
would.upon rubbing or fcratching the inward Surface, fly all infunder, with 
a pretty brisk noife 5 whereas neither before nor after the inner .Surface had 
been thus fcratcht, did there appear any flaw or crack. And putting the pie- 
ces of one of thofe broken ones together again, the flaws appeared much 
after the manner of the black lines on the Figure, dk Thefe Balls were fmall, 
but exceeding thick bubbles of Glafs , which being crack d off from the 
TuntiUon whilft very hot , and fo fuffered to cool without nealing them m 
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rh . 0v ,_ over the Furnace, do thereby ( being made of white Glafi, 

Kioto many pieces with a brisk noife , and throw the parts.above a 
fpan afunder on the Table: Now though the pieces are notfo fmall as 
thofe of a fulminating drop, yet they as plainly fhew, that the outward 
parts of the Glafs have a great Conatns to fly afunder, were they not held 
together by the tenacity of the parts of the inward Surface : for we fee 
as loon as thofe parts are crazed by hard rubbing, and thereby their tena- 
city fpoiled, the fpringinefs of the more outward parts quickly makes a 
divulfion, and the broken pieces will, if the concave Surface of them be 
further fcratcht with a Diamond, fly again into fmaller pieces. 

From which preceding confiderations it will follow Sixthly , That the 
fudden flying afunder of the parts as foon as this Arch is any wheredifor- 
dered or broken, proceeds from the fpringing of the parts } which Endea- 
vouring to extricate themfelves as foon as they get the liberty , they per- 
form it with fuch a quicknefs,that they throw one another away with very 
great violence .* for the Particles that compofe the Cruft have a ' Conatus 
to lye further from one another, and therefore as foon as the external parts 
are locfened they dart themfelves outward with great violence, juft as fo 
many Springs would do, if they were detained and faftened to the body, 
as foon as they fhould be fiiddenly loofened ; and the internal parts draw- 
ing inward, they contraftfo violently, that they rebound back again and 
fly into multitude of fmall fhivers or fands. Now though they appear 
not, either to the naked Eye, or the Microfcope , yet I am very apt to think 
there may be abundance of fmall flaws or cracks , which , by reafon the 
ftrong refle&ing Air is not got between the contiguous parts, appear not. 
And that this may be fo , I argue from this , that I have very often been 
able to make a crack or flaw, in fbme convenient pieces of Glafs, to appear 
and difappear at pleafurc, according as by prefling together, or pulling 
afunder the contiguous parts, I excluded or admitted the ftrong reflect- 
ing Air between the parts : And it is very probable, that there may be 
fbme Body, that is either very rarified Air, or fbmething analogous to if, 
which fills the bubbles of thefe drops => which I argue, firft, from the round- 
nefs of them, and next, from the vivid reflection of Light which they ex- 
hibite : Now though I doubt not , but that the Air in them is very much 



Claf t ,0 « And this 1 found by headngThe^and 

keeping them for a pi ety while very red hot in a fire } for thereby I found 
them to grow a little lighter , and the fmall Stems to be very eafily bro- 
ken and inapt any where, without at all making the drop fly i whereas 

H a before 
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before they were fo exceeding hard, that they could not be broken with- 
out much difficulty 3 and upon their breaking the whole drop would 
fly in pieces with very great violence. The Reafon of which laft feerns 
to be , that the leifurely heating and cooling of the parts does not only 
waft fome part of the Glafsit felf , but ranges all the parts into a better 
order, and gives each Particle an opportunity of relaxing its felf, and 
confequently neither will the parts hold fb ftrongly together as before 
nor be fb difficult to be broken : The parts now more eafily yielding* 
nor will the other parts fly in pieces , becaufe the parts have no bended 
Springs. The relaxation alfo in the temper of hardned Steel , and ham- 
mered Metals, by nealing them in the fire,feems to proceed from much the 
fame caufe. For both by quenching fuddenly fuch Metals as have vitri- 
fied parts interfpers’d, as Steel has, and by hammering of other kinds that 
do notfb much abound with them, as Silver, Brafs, (fic. the parts are put 
into and detained in a bended pofture , which by the agitation of Heat 
are fhaken,and loofened, and fuffered to unbend themfelves. 
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Obferv. VIII. Of the fiery Sparks firuck. from a Flint or 

Steel, 

I T is a very common Experiment , by ftriking with a Flint againft a 
Steeljto make certain fiery and fhining Sparks to fly out from between 
thole two comprefiing Bodies. About eight years fince , upon cafiially 
reading the Explication of this odd Phenomenons by the moft Ingenious 
Des Cartes , I had a great defire to be fatisfied , what that Subftance was 
that gave fuch a fhining and bright Light : And to that end I fpread a 
fheet of white Paper,and on it, obferving the place where feveral of thefe 
Sparks feemed to vanifh, I found certain very fmall, black, butgliftering 
Spots of a movable Subftance, each of which examining with my Mifcro- 
copej. found to be a fmall round Globule 3 fome of which, as they looked 
prety fmall, fb did they from their Surface yield a very bright and ftrong 
reflection on that fide which was next the Light 5 and each look’d almoft 
like a prety bright Iron-Ball, whofe Surface was prety regular, fuch as is 
reprelented by the Figure A. In this I could perceive the Image of the 
Window prety well, or of a Stick, which I moved up and down between 
the Light and it. Others I found, which were, as to the bulk of the Ball, 
prety regularly round,but the Surface of them, as it was not very fmootli, 
but rough, and more irregular, fo was the reflection from it more faint and 
confufed. Such were the Surfaces of B. C. D. and E. Some of thefe I 
found cleft or cracked, asC, others quite broken in two and hollow, as 
I>. which feemed to be half the hollow (hell of aGranado, broken irre- 
gularly in pieces. Several others I found of other fhapes 3 but that 
which is reprefented by E, I obferved to be a very big Spark of Fire, 
which went out upon one fide of the Flintthatl (truck lire withall, to 

which 
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which it ftuck by the root F, at the end of which fmall Stem was faften- 
cd-on a Hemifpbere, or half a hollow Ball, with the mouth of it open from 
the ftemwards, fo that it looked much like a Funnel, or an old falhioned 
Bowl without a foot. This night, making many tryals and obiervations 
of this Experiment,I met, among a multitude of the Globular ones which 
I had obferved, a couple of Inftances, which are very remarkable to the 
confirmation of my Hypothefis. 

And the Firft was of a pretty big Ball faftened oh to the end or a (mail 
(liver of Iron, which Compofitum feemed to be nothing elfe but a long thin 
chip of Iron, one of whole ends was melted intoa (mail round Globuljthe 
other end remaining unmelted and irregular, and perfectly Iron. 

The Second Inftance was not lefs remarkable then the Firft 3 for I 
found, when a Spark went out, nothing but a very fmall thin long (liver 
of Iron or Steel , unmelted at either end. So that it feems, that feme of 
thefe Sparks are the llivers or chips of the Iron vitrified , Others are on- 
ly the divers melted into Balls without vitrification , And the third kind 
are only fmall divers of the Iron, made red-hot with the violence of the 
(troke given on the Steel by the Flint. 

He that (hall diligently examine the vhcenomena of this Experiment, 
will, I doubt not, find eaufe to believe, that the reafon I have heretofore 
given of it, is the true and genuine eaufe of it, namely. That the Sparky 
appearing fo bright in the jalling.f nothing elfe but a final/ piece of the Steel 
or Flinty but mofi commonly of the Steely which by the violence of the Jlroke 
is at the fame time fever’d and heatt red-hot 3 and that fometimes to finch a 
degree , as to make it melt together into a fmall Globule of Steel ; and fome- 
times aljois that heat Jo very intenfiy as further to melt it and vitrifie it , but 
many times the heat is fo gentley as to be able to make the fiver only red hot y 
which notwithfianding falling upon the tinder ( that is only a very curious 
(mall Coal made ot the fmall threads of Linneh burnt to coals and 
char dj it eafily fits it on fire. Nor will any part of this Hypothefis feem 
ftrange to him that confiders, Firft, that either hammering, or filing or 
otherwife violently rubbing of Steel, will prefently make it fo hot as to 
be able to burn ones fingers. Next , that the whole force of the ftroke 
lsexerted upon that fmall part where the Flint and Steel firft touch • For 
the Bodies beingpach of them fo very hard , the puls cannot be far com- 
municated, that is, the parts of each can yield but very little, and there- 
°re t e vio cnee of the concuffion will be exerted on that piece of Steel 

S V teel h at CUt ^ by ^ FI ' nt * TJ ? irdl y > that the flings or fmall parts of 
• 1 ‘ I ver y a P£> as !t were, to take fire, and are prefently red hot, that 

fchthtfev, 3 !5-7 Bodymlronor Steel, 

Sly heated. ^ ' yPrCyS u F on >“ “ the body is a little vio^ 

1 jl s ’ s obvious in the filings of Steel or Iron call through the flame 
office in this iSj 

And 
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And in profecution of this Experiment, having taken the filings of Iron 
and Steel, and with the point of a Knife caft them through the flame of a 
Candle , I obferved where fome confpicuous fhining Particles fell , and 
looking on them with my Microfcope , I found them to be nothing elf e 
butfuch round Globules, as I formerly found the Sparks ftruck from the 
Steel by a ftroke to be, only a little bigger $ and lhaking together all the 
filings that had fallen upon the fheet of Paper underneath, and obferving 
them with the Microfcope , I found a great number of fmall Globules, fuch 
as the former, though there were alfo many of the parts that had remain- 
ed untoucht, and rough filings or chips of Iron. So that,, it feems, Iron 
does contain a very combufiible fulphureous Body, which is, in all likeli- 
hood, one of the caufes of this Phenomenon , and which may be perhaps 
very much concerned in the bufinefs of its hardening and tempering : of 
which fomewhat is faid in the Defcription of Mufcovy-glafs. 

So that, thefe things confidered, we need not trouble our felvestofind 
out what kind of Pores they are, both in the Flint and Steel, that contain 
the Atoms of fire , nor how thofe Atoms come to be hindred from run- 
ning all out , when a dore or paflage in their Pores is made by the con- 
cuffion : nor need we trouble our felves to examine by what Prometheus 
the Element of Fire comes to be fetchtdown from above the Regions of 
the Air, in what Cells or Boxes it is kept, and what Epimetheus lets it go : 
Nor to confider what it is that caufes fo great a conflux of the atomical 
Particles of Fire, which are faid to fly to a flaming Body, like Vultures or 
Eagles to a putrifying Carcafs , and thereto make a very great pudder. 
Since we have nothing more difficult in this Hypothefis to conceive, firft, 
as to the kindling of Tinder, then how a large Iron-bullet, let fall red or 
glowing hot upon a heap of Small-coal, Ihouldfet fire to thofe that are 
next to it firft : Nor fecondly, is this laftmore difficult to be explicated, 
then that a Body, as Silver for Inftance, put into a weak Menfiruum , as 
unreftified Aquafortis ihould , when it is put in a great heat , be there 
diflolved by it, and not before 3 which Hypothefis is more largely explica- 
ted in the Defcription of Charcoal. To conclude, we fee by this In- 
ftance, how much Experiments may eonduce to the regulating of Phdo- 
fophical notions. For if the moft Acute Des Cartes had applied himfelf 
experimentally to have examined what fubftance it was that caufed that 
fhining of the falling Sparks ftruck from a Flint and a Steel he would 
certainly have a little altered his Hypothefis , and welhould havefound, 
that his Ingenious Principles would have admitted a very plaufible Ex- 
plication of this Phenomenon 3 whereas by not examining fo tar as he 
might, he has fet down an Explication which Experiment do s contra- 

dl But before I leave this Defcription, I muft not forget to take notice of 
the Globular form into which each of thefe is moft cunoully formed. 
And this Phenomenon, as I have elfewhere more largely foewn, proceeds 
from a propriety which belongs to all kinds of fluid Bodies more or 
lefs and is caufed* by the Incongruity of the Ambient and included Fluid, 
which to afts and modulates each other , that they acquire , asneera^. 
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ooffible, a fperical or globular form, which propriety and fey era! of the 
phenomena that proceed from it, 1 have more fully explicated in the hxth 

Chie Experiment, which does very much illuftrate thy frefent Explica- 
tion, and is in it felf exceeding pretty, I muft not pafsby : And that is a 
way of making fmall Globules or Balls of Lead, or Tin, as fmall rilmblt as 
thefe of Iron or Steel, and that exceeding eafily and quickly, by turning 
the filings or chips of thofe Metals alfo into perfectly round Globules. 
The way, in (hort,as I received it from the Learned Phyfitian Dotfor I. G, 

is this 3 # . 

Reduce the Metal you would thus Ihape, into exceeding fane filings, 
the finer the filings are, the finer will the Balls be: Stratifie thefe filings 
with the fine and well dryed powder of quick Lime in a Crucible propor- 
tioned to the quantity you intend to make : When you have thus filled 
your Crucible, by continual firatifications of the filings and powder, fo 
that.as neer as may be, no one of the filings may touch another, place the 
Crucible in a gradual fire , and by degrees let it be brought to a heat big 
enough to make all the filings, that are mixt with the quick Lime,to melt, 
and no more 3 for if the fire be too hot , many of thefe filings will joyn 
and run together 3 whereas if the heat be proportioned , upon walking 
the Lime-duft in fair Water , all thofe fmall filings of the Metal will fob- 
fide to the bottom in a moft curious powder , confifting all of exactly 
round Globules , which, if it be very fine, is very excellent to make Hour- 
glaltes of 

Now though quick Lime be the powder that this direction makes 
choice of, yet I doubt not, but that there may be much more convenient 
ones found out, one of which I have made tryal of, and found very effe- 
&ual 3 and were it not for difeovering, by the mentioning of it, another 
Secret , which I am not free to impart , I lliould have here inferted 
it. 



Obfcrv. IX. Of the Colours obfervable in Mufcovy Glafs , and 

other thin Bodies. 

M Ofcovy-glafs,or Lapis fpecularis, is a Body that feems to have as ma- 
ny Guriofities in its Fabriek as any common Mineral I have met 
Jor firft, ft is tranfparent to a great thicknefs : Next, itiscom- 
pounded of an infinite number of thin flakes joyned or generated one 
upon another fo clofe 8c fmooth,as with many hundreds of them to make 

care an^dir dthlnP at l° f m tr - anfparent flexible fubftance, which with 
care and dil gence may be flit into pieces fo exceedingly thin as to be 

thefc r r. V h ble by - 1 eye ’ J a " d >’« CVen tholi ’ "hie! I have thought 
XrPIa.es L*" h: 1 found to be made up ofmfny 

lates, yet thinner 3 and it is probable, that, were our Mkrofcopes 
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much better , we might much further difcover its divifibility. Nor are 
thefe flakes only regular as to the fmoothnefs of their Surfaces ; but third- 
ly j In many Plates they may be perceived to be terminated naturally 
with edges of the figure of a Rhornboeid. This Figure is much more con- 
spicuous in our Englilh talk, much whereof is found in the Lead Mines, 
and is commonly called Spar , and Kauck. , which is of the lame kind of 
fubftance with the S olenitis, but is feldom found in fo large flakes as that 
is, nor is it altogether fo tuff, but is much more clear and tranfparent,and 
much more curioully fhaped , and yet may be cleft and flak’d like the o- 
ther S olenitis. But fourthly, this ftone has a property, which in refpeCfc 
of the Microscope, is more notable, and that is, that it exhibits feveral ap- 
pearances of Colours, both to the naked Eye, but much more confpicu- 
oully to the Microfcope > for the exhibiting of which , I took a piece of 
Mufcovy-glafs, and lplitting or cleaving it into thin Plates, I found that up 
.and down in feveral parts of them I could plainly perceive feveral white 
fpecks or flaws, and others diverlly coloured with all the Colours of the 
Rainboiv ; and with the Microfcope I could perceive , that thefe Colours 
were ranged in rings that incompafled the white Ipeck or flaw, and were 
round or irregular, according to the lhape of the fpot which they termi- 
nated ; and the pohtion of Colours, in relpeCt of one another, was the 
very lame as in the Rain boro. The conlecution of thofe Colours from the 
middle of the fpot outward being Blew, Purple, Scarlet, Yellow, Green; 
Blew, Purple, Scarlet, and fo onwards, lometimes half a fcore times re- 
peated, that is, there appeared lix,feven, eight, nine or ten feveral coloured 
rings or lines, each incircling the other, in the fame manner as I have of- 
ten feen a very vivid Rainbow to have four or five feveral Rings of Co- 
lours, that is, accounting all the Gradations between Red and Blew for 
one : But the order of the Colours in thefe Rings was quite contrary to 
the primary or innermoft Rainbow, and the fame with thofe of the fecon- 
dary or outermoft Rainbow ; thefe coloured Lines or Irifes, as I may fo 
call them , were fome of them much brighter then others , and fome of 
them alio very much broader, they being fome ofthemten,twenty, nay, 
I believe , neer a hundred times broader then others ; and thofe ufually 
were broadilh which were neereft the center or middle of the flaw. And 
oftentimes I found , that thefe Colours reacht to the very middle of the 
flaw, and then there appeared in the middle a very large fpot , for the 
moftpart, all of one colour , which was very vivid , and all the other 
Colours incompafiing it, gradually alcending, and growing narrower to- 
wards the edges , keeping the fame order , as in th e fecundary Rainboiv, 
that is, if the middle were Blew, the next incompafiing it would be a Pur- 
ple, the third a Red, the fourth a Yellow, &c. as above ; if the middle 
were a Red,the next without it would be a Yellow,the third a Green, the 
fourth a Blew, and fo onward,. And this order it alwayes kept what- 
ever were the middle Colour. , 

There was further obfervable in feveral other parts of this Body, ma- 
ny Lines or Threads, each of them of fome one peculiar Colour, and thole 
fo exceedingly bright and vivid , that it afforded a very pleafant o je 
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,-t, the Uunfusc. Some of thefe threads l have obferved alio to 
be Sd or mad; up of feveral lhort lengths of differently coloured 
TJ, ( as I may fo call them ) as a line appearing about two inches long 
through the Micrcfivpe , has been compounded of about half an inch of 

a Peach colour, f of a lovely Crafs-green, j .of an inch more of a bright 

Scarlet and the reft of the line of a Watchet blew. Others of them were 
much otherwife coloured 5 the variety being almoft infinite. Another 
thing which is very obfervable, is, that if you find any place where the 
colours are very broad and conlpicuous to the naked eye, you may, by 
prefling that place with your finger, make the colours change places, and 

go from one part to another. 

There is one Phenomenon more, which may, if care be uled, exhi- 
bit to the beholder, as it has divers times to me, an exceeding plealanr, 
and not lefsinftruCtive SpeCfacle ; And that is, if curiofity and diligence 
beufed, you may fo fplit this admirable Subftance , that you may have 
pretty large Plates ( in companion of thofe Imaller ones which you may 
obferve in the Rings) that are perhaps an \ ora f 'part of an inch over, 
each of them appearing through the Microfcope moft curioully, intirely, 
and uniformly adorned with fome one vivid colour : this, if examined 
with th e Microfcope , may be plainly perceived to be in all parts of it e- 
qually thick. Two, three, or more of thefe lying one upon another, ex- 
hibit oftentimes curious compounded colours , which produce luch a 
Compoftum , as one would fearce imagine Ihould be the reliilt of luch in- 
gredients : As perhaps a faint yellow and a blew may produce a very deep 
purple. But when anon we come to the more ftriCt examination of thefe 
Phenomena, and to inquire into the caufes and reafons of thefe producti- 
ons, we lhall,I hope, make it more conceivable how they are produced* 
and Ihew them to be no other then the natural and neceflary effeCts ari- 
fingfrom the peculiar union of concurrent caufes. 

Thefe Phenomena being lb various, and lb truly admirable, it will cer- 
tainly be very Well worth our inquiry , to examine the caufes and reafons 
of them, and to confider, whether from thefe caufes demonftratively evi- 
denced , may not be deduced the true caufes of the production of all 
kind of Colours. And I the rather now do it , inftead of an Appen- 
dix or Digreflion to this Hiftory, then upon the occafion of examining 
the Colours in Peacocks, or other Feathers, becaufe this SubjeCt as it 
does afford more variety of particular Colours , fo does it afford much 
better wayes of examining each circumftance. And this will be made 
manifeft to him that confiders , firft , that this laminated body is more 
imple and regular then the parts of Peacocks feathers, this confifting on- 
ly of an indefinite number of plain and finooth Plates, heaped up or in- 
cumbent on each other. Next, that the parts of this body are much more 
manageable, to be divided or joyned, then the parts of a Peacocks fea- 

S°f' hn Ub{ l anC l ?!' V 1 ” 0 "- An , d thirdly ’ becaufe in this 
we are able from a colourlefs body to produce feveral coloured bodies 

iS'I? r lr he Vanety of Co1ours ima ginable : And feveral others' 
which the fubfequent Inquiry will make manifeft. h * 

I 
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To begin therefore., it is manifeft from feveral circumftances, that the 
material caufe of the apparition of thefe feveral Colours , is fome Lamm* 
or Plate of a tranfparent or pellucid body of a thicknefs very determi- 
nate and proportioned according to the greater or left refractive power 
of the pellucid body* And that this is fo, abundance of Inftances and p ar . 
ticular Circumftances will make manifeft. 

As firfi , if you take any fmall piece of the Mufcovy-glafs , and with a 
Needle , or fome other convenient Inftrument, cleave it oftentimes into 
thinner and thinner Lamina, you fhall find, that till you come to a deter- 
minate thinnefs of them, they fhall all appear tranfparent and colourlefs, 

but if you continue to fplit and divide them further, you fhall find at laft* 
that each Plate, after it comes to fuch a determinate thicknefs, fhall ap- 
pear moft lovely ting’d or imbued with a determinate colour. If further. 
by any means you fo flaw a pretty thick piece, that one part does begin 
to cleave a little from the other, and between thofe two there be by any 
means gotten fome pellucid medium, thofe laminated pellucid bodies that 
fill that fpace, fhall exhibit feveral Rainbows or coloured Lines, the co- 
lours of which will be difpofed and ranged according to the various 
thicknefies of the feveral parts of that Plate. That this is fo, isyet^. 
ther confirmed by this Experiment. 

Take two fmall pieces of ground and polifht Looking-glafs-plate, 
each about the bignefs of a fhilling, take thefe two dry , and with your 
fore-fingers and thumbs prefs them very hard and dole together, and you 
fliall find, that when they approach each other very near, there will ap- 
pear feveral Irifes or coloured Lines, in the fame manner almoft as in the 
Mtfcovj-glafs i, and you may very eafily change any of the Colours of 
any part of the iaterpofed body, by prefling the Plates clofer and hard- 
er together, or leaving them more lax 3 that is,a part which appeared co- 
loured with a red, maybe prefently ting’d with a yellow, blew, green, 
purple , or the like, by altering the appropinquation of the terminating 
Plates.Now that air is not neceflary to be the interpofed body, but that 
any other tranfparent fluid will do much the lame, may be tryed by wet- 
ting thofe approximated Surfaces with Water , or any other tranfparent 
Liquor, and proceeding with it in the fame manner as you did with the 
Air 5 and you will find much the like effeft , only with this difference, 
that thofe compreft bodies, which differ moft, in their refrattive quality, 
from the comprefling bodies , exhibit the moft ftrong and vivid tin- 
ctures. Nor is it neceflary , that this laminated and ting d body fhould 
be of a fluid fubftance , any other fubftance , provided it be thin enough 
and tranfparent, doing the fame thing : this the Laminae of our Mufcovy 
g/ajs hint 3 but it may be confirm’d by multitudes of other Inftances. 

Andfirft, we fhall find, that even Glafs it felf may, by the help of a 
Lamp, be blown thin enough to produce thefe Phenomena of Co- 
lours : which Fhanomena accidentally happening , as I have been 
attempting to frame fmall Glafles with a Lamp , did not a little furprize 
me at firft , having never heard or leen any thing of it before 5 
though afterwards comparing it with the Fhanomena , I had often 

obferved 
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obferved in thofe Bubbles which Children ufe to make with Soap-water, 

I did the lefs wonder 3 efpecially when upon Experiment I found, I was 
able to produce the fame Phenomena in thin Bubbles made with any 
other tranfparent Subftance. Thus have I produced them with Bubbles 
of Fitch, Kojin, Colophony ,‘ Turpentine, Solutions of feveral Gums, as 'Gum- 
Arahick. in water 5 any glutinous Liquor, as Wort, Wine, Spirit of Wine, Oyl 
of Turpentine, Glare of Snails, See. 

It would be needlefs to enumerate the feveral Inftances , thefe being 
enough to fhew the generality or univerfality of this propriety. Only I 
muft not omit, that we have inftances alfb of this kind even in metalline 
Bodies and animal 3 for thofe feveral Colours which are obferved to fol- 
low each other upon the polifht furface of hardned Steel, when it is by a 
fufficient degree of heat gradually tempered or foftened , are produced 
from nothing elfe but a certain thin Lamina of a vitrum or vitrified part 
of the Metal, which by that degree of heat, and the concurring action of 
the ambient Air, is driven out and fixed on the furface of the Steel. 

And this hints to me a very probable ( atlcaft. if not the true) caufe 
of the hardning and tempering of Steel, which has not, I think, been yet 
given, nor, that I know ofbeen fo much as thought of by any. And that . 
is this, that the hardneft of it arifes from a greater proportion of a vitrifi- 
ed Subftance interfperfed through the pores of the Steel. And that the 
tempering or foftning of it arifes from the proportionate or /mailer parcels 
of it left within thofe pores. This will feem the more probable, if we 
confider thefe Particulars. 



and tuff-, that is, will indure bending and hammering,and yet retain their 
continuity. 

Next, That the Parts of all vitrified Subftances, as all kinds of Glaft, 
the Scoria oi Metals, 6'c. are very hard, and alfo very brittle, being nei- 
thei flexible nor malleable , but may by hammering or beating be broken 
mto fmall parts or powders. 

Thirdly, That all .Metals ( excepting Gold and Silver , which do not 
fo much with the bare fire, unleft affifted by other faline Bodies ) do 

^ftrength of fire, that is, are corroded by afa- 
Ime Subftance, which I elfewhere fhew to be the true caufe of fire 3 and 

this & 3S h ] feVera r °l her converted in i 6 Scoria 3 And 

a them3 n y 9 himifk Thus Iron Copper by 
g - quenching do turn all ot them by degrees into Scoria which 

evdcmly viMfied Snbftances , and unite wfth GIaf° and are "afilv 
fiifibk 5 and when cold, very hard, and very brittle. X 

Salts "un inner klnd . of ''""fiation, or Calcinations arc made by 

knotv Particles - N r do 1 

belaid to bean^t^^ n0tiW ” h ^ 
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Sixthly, That any Iron may, in a very little time, be cafe hardned, a S 
the Trades-men call it, by cafing the iron to be hardned with clay, and 
putting between the clay and iron a good quantity of a mixture of Vrine , 
Soot) Sea-falt, and Horfes hoofs (all which contein great quantities of Sa- 
line bodies) and then putting the cafe into a good ftrong fire, and keep- 
ing it in a confiderable degree of heat for a good while, and afterwards 
heating, and quenching or cooling itfuddenly in cold water. 

Seventhly, That all kind of vitrify ’d fubftances,by being fuddenly cool’d, 
become very hard and brittle. And thence arifes the pretty Phenomena 
of the Glafs Drops, which I have already further explained in its own 
place. 

Eighthly, That thofe metals which are not fo apt to vitrifie, do not ac- 
quire any hardnefs by quenching in water, as Silver, Gold, Sec. 

Thefe confiderations premis’d, will, I fuppofe, make way for the more 
eafie reception of this following Explication ofthe rbanomena of hardned 
and temper'd Steel. That Steel is a fubftance made out of Iron, by means 
of a certain proportionate Vitrification of feveral parts, which are fo cu- 
rioufly and proportionately mixt with the more tough and unaltcr d parts 
ofthe Iron, that when by the great heat of the fire this vitrify ’d fub- 
ftance is melted, and confequently ratify ’d, and. thereby the pores of 
the Iron are more open, if then by means of dipping it in cold water it 
be fuddenly cold, and the parts hardned, that is, ftay’d in that fame de- 
gree of Expanfion they were in when hot, the parts become very hard 
and brittle, and that upon the fame account almoftas fmall parcels of 
glafs quenched in water grow brittle, which we have already explicat- 
ed. If after this the piece of Steel be held in fome convenient heat, till by 
degrees certain colours appear upon the furface of the brightned metal, 
the very hard and brittle tone of the metal, by degrees relaxes and be- 
comes much more tough andfoft; namely, the adtion of the heat does 
by degrees loofen the parts of the Steel that were before ftreached or fet 
atilt as it were, and ftayed open by each other, whereby they become 
relaxed and fet at liberty, whence fome of the more brittle interjacent 
parts are thruft out and melted into a thin skin on the furface ofthe Steel, 
which from no colour increafes to a deep Purple, and lo onward by thefe 
gradations or confecutions, White,TeUow, Orange , Minium, Scarlet, Purple, 
Blew Watchet &c. and the parts within are more convenient]) 3 and pi o- 
portionately mixt; and fo they gradually fubfide into a texture which 
is much better proportion’d and clofer joynd, whence that rigidndle 
of parts ceafes, and the parts begin to acquire their former duUil- 

*Now,that ’tis nothing but the vitrify d metal that fticks upon the furface 
ofthe colour’d body, is evident from this, that if by any means it -be ■ (cra- 
ped and rubb’d off, the metal underneath it is white and cleared it it be 
kept longer in the fire, fo as to increafe to a confiderable thicknefs, t 
may, by blows, be beaten off in flakes. This is further confirm d by th i 
obforvable, that that Iron or Steel will keep longer from tufting which 
is covered with this vitrify’d cafe : Thusalfo Lead will, by degrees, ^ 



MlCROGRAPHIAi 

it > j intrt t litharge; for that colour which covers the top being 

to be nothing dfc but a litharge or 

''Thisls^obfervablealfoinfomefort, on Brals, Copper, Silver, Gold, 
Tin but is moft confnicuous in Lead: all thofe Colours that cover the 

See ofthe Metal being nothing elfe , but a very thin vitnfi d part 

°*The other Infta nee we have, is in Animal bodies, as m Pearls, Mother 
of Pearl-lhels, Oyfter-lhels, and almoft all other kinds of ftonylhels 
whatfoever. This have I alio fometimes with pleafure obferv d even 
in Mufcles and Tendons. Further, if you take any glutinous fubftance 
and run it exceedingly thin upon the furface of a imooth glafs of a po- 
liflht metaline body, you (hall find the like effeds produced : and in 
general, wbereloever you meet with a transparent body thin enough, 
that is terminated by reflecting bodies of differing refractions from it, 
there will be a production of thefe pleating and lovely colours. 

Nor is it neceflary, that the two terminating Bodies fhould be both of 
the fame kind, as may appear by the vitrified Lamina on Steel, Lead , and 
other Metals, one furface of which Lamina: is contiguous to the furface of 
the Metal, the other to that of the Air. 

Nor is it neceflary, that thefe colour’d Lamina fhould be of an even 
thicknefs, that is, fhould have their edges and middles of equal thicknefs, 
as in a Looking-glafs-plate, which circumftance is only requifite to make 
the Plate appear all of the fame colour ; but they may refemble a Lens , 
that is, have their middles thicker then their edges ; or elfe a double con- 
cave, that is, be thinner in the middle then at the edges ; in both which 
cales there will be various coloured rings or lines, with differing confecu- 
tions or orders of Colours ; the order of the firft from the middle out- 
wards being Red, Yellow, Green, Blew, <&c. And the latter quite con- 
trary. 

But further, it is altogether neceflary, that the Plate, in the places 
where the Colours appear, fhould be of a determinate thicknefs : Firft, It 
muft not be more then fuch a thicknefs, for when the Plate is incf eafed to' 
fuch a thickneis , the Colours ceafe ; and befides, I have feen in a thin 
piece of Mufcovy-glafs, where the two ends of two Plates, which appear- 
ing both fingle , exhibited two diftintt and differing Colours ; but 
in that place where they were united, and conftituted one double Plate 
(as I may call it) they appeared tranfparent and colourlefs. Nor, Se- 
condly , may the Plates be thinner then fuch a determinate cite ; for we 
ahvayes find, that the very outmoft Rim of thefe flaws is terminated in 
a white and colourlefs Ring. 

Further, in this Production of Colours there is no need of adetermi- 
nate Light of fuch a bignefs and no more , nor of a determinate pofition 
ot that Light, that it fhould be on this fide, and not on that fide ; nor of a 
terminating fhadow, as in the Prifme, and Rainbow, or Water-ball : for 
we hnd that the Light in the open Air, either in or out of the Sun-beams 
and within a Room, either from one or many Windows, produces much 

the 
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the fame effeft : only where the Light is brighteft, there the Colours are 
moft vivid. So does the light ol a Candle , collected by a Glafs-ball, 
And flirther , it is all one whatever fide of the coloured Rings be to-' 
wards the light 5 for the whole Ring keeps its proper Colours from the 
middle outwards in the fame order as I before related , without varying 
at all, upon changing the pofition of the light. 

But above all it is moft obfervable, that here are all kind of Colours 
generated in apellucid body, where there is properly no fuch refra&ionas 
Des Cartes fuppofes his Globules to acquire a verticity by : For i n the 
plain and even Plates it is manifeft, that the fecond refraction ( accord- 
ing to Des Cartes his Principles in the fifth Settion of the eighth chapter 
of his Meteors ) does regulate and reftore the fuppofed turbinated Glo- 
bules unto their former uniform motion. This Experiment therefore will 
prove luch a one as our thrice excellent Verulam calls Expcrimentum Cm- 
cis , lerving as a Guide or Land-mark , by which to direct ourcourfein 
the fearch after the true caufe of Colours. Affording us this particular 
negative Information;, that for the production of Colours there is not ne- 
cefiary either a great refradion, as in the Prifme 3 nor Secondly, a deter- 
mination of Light and fhadow , luch as is both in the Prifme and Glafs- 
ball. Now that we may fee likewife what affirmative and pofitive Inftru- 
Ction it yields 5 it will be necefiary,to examine it a little more particularly 
and ftridly 5 which that we may the better do , it will be requifite to 
premife fomewhat in general concerning the nature of Light and Refra- 
ction. 

And fir ft for Light,it feems very manifeft, that there is no luminous Bo- 
dy but has the parts of it in motion more or lefs. 

Firft, That all kind of fiery burning Bodies have their parts in motion, 
I think 3 will be very eafily granted me. That the fiparp ftruck from a 
Flint and Steel is in a rapid agitation 3 I have ellewhere made probable. 
And that the Parts of rotten Woodyotten Eifih, and the like, are alio in mo- 
tion, I think, will as eafily be conceded by thofe, who confider, that thofe 
parts never begin to fhine till the Bodies be in a ftateof putrefaction ; 
and that is now generally granted by all , to be caufed by the motion ol 
the parts of putrifying bodies. That th e Bononian fione fhines no lon- 
ger then it is either warmed by the Sun-beams, or by the flame of a Fire 
or of a Candle, is the general report of thofe that write of it 3> and of 
others that have feen it. " And that heat argues a motion of the internal 
parts, is ( as I faid before ) generally granted. 

But there is one Inftancemore, which was firft fhewn to the Royal So- 
ciety by Mr. Clayton a worthy Member thereof, which does make this Ai- 
fertion more evident then all the reft : And that is, That a Diamond e- 
ing rub 1 d^Jlruclts or heated in the dark, fhines for a pretty while after, 10 
long as that motion, which is imparted by any of thofe Agents, remains 
( in the fame manner as a Glafs,rubb’d,ftruck,or(by a means which! .mall 
ellewhere mention ) heated, yields a lound which lafts as long as the u 
brating motion of that fionorous body ) feveral Experiments ma e on 

which Stone, are fince publifhed in a Difcourfe of Colours, by the tiu y 
3 r honou' 
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honourable Mr. Boyle. What may be faid of thole Ignes jatui that ap- 
pear L the night, I cannot fo well affirm, having never had the ppportum- 
rv to examine them my felf, nor to be inform d by any others that had 
obferv’d them : And the relations of them in Authors are foimper feCf, 
that nothing can be built on them. But I hope I fhall be able in another 
place to make it at leaft very probable, that there is even in thofe alio a 
Motion which caufes this efieCL That the fliining of Sea-water proceeds 
from the fame caufe, may be argued from this. That it fhines not tjll ei- 
ther it be beaten againft a Rock, or be lome other wayes broken pr agi- 
tated bv Storms, or Oars, or other percujfing bodies. And that the A- 






nimal Encrgyes or Spirituous agil parts are very active in Cats eyes 
they fliine," feems evident enough, becaufe their eyes never fhine but 
when they look very intenfly either to find their prey, or being hunted 
in a dark room, when they feek after their adverfaiy, or to find a way to 
tfiape. And the like may be faid of the fliining Bellies of Glow or ms, 
r ice ’tis evident they cart at pleafure either increafe or extinguifh that 
Radiation. 

It would be fomewhat too long a work for this place Zetetic ally to 
examine, and pofitivelyto prove, what particular kind of motion it is 
that muft be the efficient of Light 3 for though it be a motion, yet ’tis 
not every motion that produces it, fince we find there are many bodies 
wry violently mov’d, which yet afford not fuch an efieCt 3 and there 
are other bodies, which to our other fenfes, feem not mov’d fo much, 
which yet lhine. Thus Water and quick-filver, and moft other liquors 
heat ed, fhine not, and feveral hard bodies, as Iron, Silver, Brafs,Cop- 
pt r. Wood, &c. though very often ftruck with a hammer, fhine not pre- 
fe 1 tf !y, though they will all of them grow exceeding hot 3 whereas rot- 
mi \ v ood, rotten t ifh. Sea water, Gloworms, &c. have nothing of tan- 
1 ible heat in them, and yet ( where there is no ftronger light to afted: the 
bcufbryj they fhine fome of them fo Vividly, that one may make a fhift 
tu lead by them. 

^ it would be too long, I lay, here to infert the dilcurfive progrefs by 
v, hich I inquir’d after the proprieties of the motion of Light, and there- 
tore I fhall only add the refult. 

And, Firft, I found it ought to be exceeding fuch as thofe moti- 
1 ns o t fermentation and putrefaction, whereby, certainly, the parts are 
exceeding nimbly and violently mov’d 3 and that, becaufe We find thofe 
mot ions are able more minutely to fhatter and divide the bodwthen the 
moft violent heats or mnjlruums we yet know. And that fire is nothing 

/ i 3 the ^ Ur f ing bod ^ madc b y the moft 

ydmujhruHmoi Alfilphureous Ww, namely, the Air, we fhall in an 
other place ofthis Traftate endeavour to make probable. And that 
,n f fxtreamly hot Ihining bodies, there is a wry quick motion 

-X be argued 
not 
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not return,the Diamond muft after many rubbings decay and be wafted* 
but we have no reafon to fufpedt the latter, elpecially if we confider 
the exceeding difficulty that is found in cutting or wearing away a Di- 
amond. And a Circular motion of the parts is much more improbable' 
fince, if that were granted,and they be fuppos’d irregular and Angular 
parts, I fee not how the parts of the Diamond fhould hold fo firmly to- 
gether, or remain in the fame fenfible dimenfions, which yet they do. 
Next, if they be Globular , and mov’d only with a turbinated, motion I 
know not any caufe that can imprefs that motion upon the pellucid me- 
dium, which yet is done. Thirdly, any other irregular motion of the 
parts one amongft another, muft neceflarily make the body of a fluid 
confiftence, from which it is far enough. It muft therefore be a Vibra- 
ting motion. 

And Thirdly, That it is a very port . vibrating motion , I think the in- 
■ ftances drawn from the fhining of Diamonds will alfo make probable^ 
For a Diamond being thehardeft body we yet know in the World, and 
confequently the leaft apt to yield or bend, muft confequently alfo have 
its vibrations exceeding fhort. 

And thefe, I think, are the three principal propri eties of a motion, re- 
quifite to produce the effeft call’d Light in the ObjeCt. 

The next thing we are to confider, is the way or manner of the traje* 
ttion of this motion through the interpos’d pellucid body to the eye: 
And here it will be eafily granted, 

Firft, That it muft be a body jufceptible and impartible of this motion 
that will deferve the name of a T ranfparent. And next, that the parts of 
fuch a body muft be Homogeneous , or of the fame kind. Thirdly, that the 
conftitution and motion of the parts muft be fuch, that the appulfeof the 
luminous body maybe communicated or propagated through it to the 
greateft imaginable diftance in the leaft imaginable time 5 though I fee 
no reafon to affirm, that it muft be in an inftant : For I know not any one 
Experiment or obfervation that does prove it. And, whereas it may be 
obje&ed, That we fee the Sun rifen at the very inftant when it is above 
the fenfible Horizon, and that we fee a Star hidden by the body of the 
Moon at the fame inftant, when the Star, the Moon, and our Eye are all 
in the fame line , and the like Obfervations, or rather fuppofitions, may 
be urg’d. I have this to anfwer. That I can as eafily deny as they affirm; 
for I would fain know by what means any one can be aflured any more 
of the Affirmative, then I of the Negative. If indeed the propagation 
were very flow, tis poffible fomething might be difcovered byEclyp- 
fes of the Moon , but though we fhould grant the progrefs of the light 
from the Earth to the Moon, and from the Moon back to the Eartha- 
gain to be full two Minutes in performing, I know not any poliible 
means to difcover it 5 nay, there may be fome inftances perhaps of Ho- 
rizontal Eclyples that may feem very much to favour this fuppontion o 
the flower progreflion of Light then moft imagine. And the like m >y 
be faidofthe Eclypfes of the Sun, &c. But of this only by the by. 
Fourthly, That the motion is propagated every way through an Bom s 
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aeneous medium by direct or firaight lines extended every way like Rays 
from the center of a Sphere. Fifthly, in an Homogeneous medium this mo- 
tion is propagated every way with equal velocity , whence neceflarily eve- 
rv pulfe or vitration of the luminous body will generate a Sphere, which 
will continually increafe, and grow bigger, juft after the fame manner 
( though indefinitely fwifter) as the waves or rings on the furface of the 
water do fwell into bigger and bigger circles about a point of it, where, 
by the finking of a Stone the motion was begun, whence it neceflarily fol- 
lows, that all the parts of thefe Spheres undulated through an Homogene- 
ous medium cut the Rays at right angles. 

But becaufe all tranfparent mediums are not Homogeneous to one an- 
other,therefore we will next examine how this pulfe or motion will be 
propagated through differingly tranfparent mediums. And here, ac- 
cording to the moft acute and excellent Philofopher Des Cartes , I fup- 
pofe the fign of the angle of inclination in the firft medium to be td 
the fign of refraftion in the fecond, As the denfity of the firft, to the 
denfity of the fecond. By denfity, I mean not the denfity in refpedt of 
gravity (with which the reflations or tranfparency of mediums hold no 
proportion) but in refpeft onely to the trajettion of the Rays of light, in 
which refpeCt they only differ in this ; that the one propagates the pulfe 
more eafily and weakly, the other more flowly, but more firongly. But 
as for the pulfes themfelves, they will by the refra&ion acquire another 
propriety, which we fhall now endeavour to explicate. 

We will fuppofe therefore in the firft Figure AC F D to be a phyfical 
Ray, or A B C and D E F to be two Mathematical Rays, trajeiSed from 
a very remote point of a luminous body through an Homogeneous tranfpa- 
Tcnt medium LLL, and DA, EB, FC, to be fmall portions of the or- 
bicular impulfes which muft therefore cut the Rays at right angles ; thefe 
Rays meeting with the plain furface NO of a medium that yields an 
eafier tranfitus to the propagation of light, and falling obliquely on it, 
they will in the medium M M M be refraCted towards the perpendicular 
of the furface. And becaufe this medium is more eafily trajeSted then 
the former by a third, therefore the point C of the orbicular pulfe F C 
will be mov’d to H four lpaces in the fame time that F the other end of 
it is mov’d to G three fpaces, therefore the whole refra&ed pulfe GH 
lha be oblique to the refracted Rays C H K and G I ; and the angle G H C 
fhall be an acute, and fo much the more acute by how much the greater 
the retraction be, then which nothing is more evident, for the fign of the 
inclination is to be the fig n of refraCtion as GF to T C the diftance be- 

CK ^ich being * 



four to three, H C being longer then G F is longer alio then T C there- 
angles. CS GH and IK are mov d afcew > or cut the Rays at oblique 



that boHvfh^m • fine j in L th l S pIace to fet down the Bakins why this or 

tranfmit theRav *n K T m ? re ’ other * W* : as why Water fhould 

Rays more eafily, though more weakly than air. Onely thus 

much 
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much in general I (hall hint, that I fuppofe the medium M M M to have l e f 9 
of the transparent undulating fubtile matter, and that matter to be left 
implicated by it, whereas L L L I fuppofe to contain a greater quantity 
of the fluid undulating fubftance,and this to be more implicated with the 
particles of that medium. 

But to proceed, the fame kind of obliquity of the Pulfes and Rays will 
happen alfo when the refrattion is made out of a more eafie into a more 
difficult mediu 5 as by the calculations of G Q_& C S R which are reflated 
from the perpendicular. In both which calculations tis obvious to obferve, 
that always that part of the Ray towards which the refraction is made 
has the end of the orbicular pulfe precedent to that of the other fide. And 
always,the oftner the refrattion is made the fame way, Or the greater the 
Angle refraCtion is, the more is this unequal progrefs. So that having 
found this odd propriety to be an infeparable concomitant of a refraCted 
Ray, not ftreightned by a contrary refraCtion, we will next examine the 
refraCtions of the Sun-beams, as they are fuffer d onely to pafs througha 
lmall paflage, obliquely out of a more difficult, into a more eafie medium. 

Let us fuppofe therefore ABC in the fecond Figuie to reprefent 
a large Chimical Glajs-body about two foot long, filled with very fair Wa- 
ter as high as A B, and inclin’d in a convenient pofture with B towards 
the Sun : Let us further fuppofe the top of it to be cover’d with an op*, 
cons body, all but the hole a b, through which the Sun-beams are buffer’d 
to pafs into the Water, and are thereby refraCted to c clef, againft which 
part, if a Paper be expanded on the outfide, there will appear all the co- 
lours of the Rain-bow, that is, there will be generated the two principal 
colours. Scarlet and Blue, and all the intermediate ones which arife from 
the compofition and dilutings of thefe two, that is, c d (hall exhibit a 
Scarlet , which toward d is diluted into a Tell ore , this is the refraCtion of 
the Ray, i f , which comes from the underfid e of the Sun 5 and the Ray 
ef fhall appear of a deep Blue, which is gradually towards e diluted in- 
to a pale Watchet-blue. Between d and e the two diluted, colours. Blue 
and Telloro are mixt and compounded into a Green j and this I imagine to 
be the reafon why Green is fo acceptable a colour to the eye, and that 
either of the two extremes are 5 if intenfe^ rather a little offenfive.* name- 
ly, the being plac’d in the middle between the two extremes, and com- 
pounded out of both thofe, diluted alfo, or fomewhat qualifi d, for the 
compofition , arifing from the mixture of the two extremes undiluted, 
makes a Purple, which though it be a lovely colour, and pretty acceptable 
to the eye, yet is it nothing comparable to the ravifhing plealuiewit 
which a curious and well tempered Green affects the eye. If removing 
the Paper, the eye be plac’d againft c d , it will perceive the lower 1 c 
of the Sun (or a Candle at night which is much better, becaufe it offends 
not the eye, and is more eafily manageable) to be of a deep Re , an 1 
againft ef it will perceive the upper part of the luminous body to be ot 
a deep Blue j and thefe colours will appear deeper and deeper, ^ C0 I 
ing as the Rays from the luminous body fall more obliquely on 1 <* 1 
face of the Water, and thereby fuffer a greater refrattion, an<M^ 
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more diftintt, the further c d ef is removed from the tra jetting hole. 

So that upon the whole, we lhall find that the reafon of the Phenome- 
na feems to depend upon th ^obliquity of the orbicular pu'lje, to the Lines ot 
Radiation, and in particular, that the Rayc d which conftitutes th e Scar- 
let has its inner parts, namely thofe which are next to the middle of the 
luminous body, precedent to the outermoft which are contiguous to the 
dark and unradiating fkie. And that the Ray. c/which gives a Blue , has 
its outward part, namely, that which is contiguous to the dark fkie prece- 
dent to the pulfe from the innermoft, which borders on the bright area. 
of the luminous body. 

We may obferve further, that the caufe of the diluting of the colours to- 
wards the middle.proceeds partly from the widenefs of the hole through 
which the Rays pafs, whereby the Rays from feveral parts of the lumi- 
nous body, fall upon many of the fame parts between c and /has is more 
manifeft by the Figure : And partly alio from the nature of the refrattion 
it felfi for the vividnels or ftrength of the two terminating colours, arifing 
chiefly as wc have feen, from the very great difference that is betwixt the 
outfides of thofe oblique undulations be. the dark Rays circumambient, and 
that difparity betwixt the approximate Rays,decaying gradually : the fur- 
ther inward toward the middle of the luminous body they are remov’d, 
the more muftthe colour approach to a white or anundifturbed light. 

Upon the Calculation of the refrattion and reflettion from a Ball of 
W ater or GIafs,we have much the fame P/nenomeha namely, An obliquity of 
the undulation in the fame manner as we have found it here. Which be- 
caufe it is very much to our prcfcnt purpofe, and affords fuch an Tnjlanciq 
cruris, as no one that I know has hitherto taken notice of, I fhall further 
examine. For it does very plainly and pofitively diftinguifh, and fhew, 
which of die two Hypothefes, either the Carteftan or this is to be followed* 
by affording a generation of all the colors in the Rainbow, where accord- 
ing to the Carteftan Principles there fhould be none at all generated And 
fecond ly, by affording an inftance that does more clofely confine the 
caul< \ ot Ar vh *” omcna of colours to this prefent Ply pot hefts 

And firft,for the Cartefian, we have this to objett againft it That whereas 
he fays (Met comm Cap.8.Setf.$.)s edjudicabam unicam(refra&ione fei licet ) 
ad minima reqmrf&quidem talem ut ejus effect u, alii contrafii (refraUi 
oneffon deftruatur : Nam experientia docet fifiipcrfines N M N P CnemZ 
refnngentes ) Parallels forent , radios tantundem per alteram iterumere&n 
quantum per unamfrangerentur.millos colores depi&uros i This Principle r 
his holds true indeed in a prifme where the r/fraS ^ furf ces re J V 

thatit enter’d in wi, ha]I anf ‘fhntThat "f' 0 ” and 

ofilic refieftion (hall be the means 

a, a., the Ray had been twlcI^aX/l/ 
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And that this is true, not cnely in one, but in every Ray that goes to 
the conftitution of the Primary Iris $ nay, in every Ray, that fuffers only 
two refraft ions, and one reflection, by the furface of the round body, we 
fhall prefently fee moft evident, if we repeat the Cartejian Scheme , men- 
tioned in the , tenth Self ion of the eighth chapter of his Meteors^ where 
E F K N P in the third Figure is one of the Rays of the Primary Iris 
twice refrafted at F and N, and once reflefted at K by the furface of the 
Water-ball. For, firft it is evident, that R F and RN are equal, becaufe 
K N being the reflected part of R F they have both the fame inclination 
on the furface R that is the angles F R T, and N R V made by the two 
Rays and the Tangent of R are equal, which is evident by the Laws of re- 
flexion ; whence it will follow alfo, that R N has the fame inclination on 
the furface N, or the Tangent of it X N that the Ray R F has tothelur- 
face F, or the Tangent of it F Y, whence it muft neceflarily follow, that 
the refraftions at F andN are equal, that is, RF E and RN P are equal. 
Now, that the furface N is by the reflection at R made parallel to the fur- 
face at F, is evident from the principles of reflection lor reflection being 
nothing but an inverting of the Rays, if we re-invertthe Ray RN P, and 
make the fame inclinations below the line T R V that it has above, it will 
be moft evident, that R H the inverfe of R N will be the continuation of 
the line F R, and that L H I the inverfe of O X is parallel to F Y. And 
HM the inverfe of N P is Parallel to EF for the angle R H I is equal 
to R N O which is equal to R F Y, and the angle R H iVl is equal to R N P 
which is equal to R F E which was to be prov’d. 

So that according to the above mentioned Cartejian principles there 
lhould be generated no colour at all in a Ball of Water or Glafs by two 
refraftions and one reflection, which does hold moft true indeed, if the 
fiirfaces be plain, as may be experimented with any kind of prifme where 
the two refraCting furfaccs are equally inclin’d to the reflecting } but in 
this the Phenomena, are quite otherwife. 

The caufe therefore of the generation of colour muft not be what Des 
Cartes afiigns, namely, a certain rotation of the Globuli atherei, which are 
the particles which he fuppofes to conftitute the Pellucid medium , But 
fomewhat elfe, perhaps what we have lately fuppofed, and (hall by and 
by further profecute and explain. 

But, Firft I fhall crave leave to propound fome other difficulties of his, 
notwithftanding exceedingly ingenious Hypothejis , which I plainly confefs 
to me feem fuch$ and thofeare, 

Firft, if that light be (as is affirmed, Diopt. cap. i. §. 8.) not fo pro- 
perly a motion/as an aCtion or propenfion to motion, I cannot conceive 
how the eye can come to be fenfible of the verticity of a Globule , which is 
generated in a drop of Rain, perhaps a mile off from it. For that Globule is 
not carry ’d to the eye according to his formerly recited Principle^ and if 
not fo,I cannot conceive how it can communicate its rotation , or circular 
motion to the line of the Globules between the drop and the eye. It can- 
not be by means of every ones turning the next before him } for if fo, then 
onely all the Globules that are in the odd places muft be turned the (lime 

way 
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way with the firft, namely, the 3. 5. 7.9. n ,&c. but all the Globules 
interpofited between them in the even places 5 namely, the 2.4.6.8.10.©^-. 
muft be the quite contrary 5 whence, according to the C artefian Hypothecs * 
there muft be no diftinft colour generated, but a confufion. Next, fince 
the Cartejian Globuli arefuppos’d (Principiorum Philofoph. Part. 3. §.86.) 
to be each of them continually in motion about their centers, I cannot 
conceive how the eye is able to diftinguifh this new generated motion 
from their former inherent one, if I may fo call that other wherewith they 
are mov’d or turbinated , from forne other caufe than refraction. And 
thirdly, I cannot conceive how thefe motions fhould not happen feme- 
times to oppofe each other, and then, in ftead of a rotation , there would 
be nothing but a dire ft motion generated, and confequently no colour. 
And fourthly, I cannot conceive, how by the Cartejian Hypothecs it is poft 
fible to give any plaufiblc reafon of the nature of the Colours generated 
in the thin lamina: of thefe our Microfcopical Obfervations 5 for in many of 
thefe, the refracting and reflecting furfaces are parallel to each other, and 
confequently no rotation can be generated, nor is there any neceflity of 
a fhadow or termination of the bright Rays, fuchas is fuppos’d (chap. 8 . 
§.5. Etpreterea oljervavi umbram quoque^aut limitationem luminis requiri : 
and chap. 8. §. 9.) to be neceflary to the generation of any diftinft co- 
lours 5 Befidesthat, here is oftentimes one colour generated without any 
of the other appendant ones, which cannot be by the Cartefian Hy- 
pothecs. 

1 here muft be therefore fome other propriety of refraftion that caufes 
colour. And upon the examination of the thing, I cannot conceive any 
one more general, infeparable, andfufficient, than that which I have be- 
fore affign'd. That we may therefore fee how exaftly our Hypothecs 
agrees alfo with the Than omen a of the refrafting round body, whether 

Globe or Cylinder , we fhall next fubjoyn our Calculation or Examen 
of it. 



Vfoa V IU V ^ ^ (.divided into 20. parts) in G 16. - 
parts diftant from C, and ef another Ray, which cuts the fame Radius 

IO H i 7 ’J ar M d,ft a nt5the a WlU bejxfraftcd to K and k, and from thence 
rehefted to N and n and from thence refrafted toward P and p\ there- 
foretheArchF/will be 5 A 5'. The Arch F R io6. d 30'. the Arch/\ 
r°V • , Thc ' ln ' F <? 6000. and fg 52 67. therefore if. 733. therefore 

3IK / 0 t 1* „ ebn ^. FK - 1 6024. and/ k. 1 5436. therefore Nd 196 

and n o 147 almoft, the line N n 1019 the Arch N n $.* 5 Y. therefore 
die Ang!e N **1* 34.4 43'. therefore the Angle NoJLtZ*?/ 
vhich is almoft 50. more than a right Angle ^ ^ 

JlhTc rr thevefou \ b y this typothejis, that at the fame time that e f 

E F K N i, got .V^Tnd whfn iftothet S* \ *• 
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trary of this will happen,if i7.and 18.be calculated in dead of i6.and i 7; 
both which does moft exa&ly agree with the Thtitioviena : For if the Sun, 
or a Candle (which is better) be placed about E e, and the eye about 
P p, the Rays EF ef at 16. and 17. will paint the fide of the luminous 
obieft toward np Blue^nd towards N P Red. But the quite contrary will 
happen when E F is 17. and ef 18. for then towards N P (hall be a Blue , 
and towards ftp a Red 3 exaftly according to the calculation. And there 
appears the Blue of the Rainbow, where the two Blue Tides of the two 
Images unite, and there the Red where the two Red (ides unite, that is, 
where the two Images arc juft dilappearing ^ which is, when the Rays 
E F and N P produc’d till they meet, make an Angle of about 41. and an 
half $ the like union is there of the two Images in the Produftion of the 
Sccundary Irk> and the fame caufes, as upon calculation may appear 5 
onely with this difference, that it is fomewhat more taint, by reafon of the 
duplicate reflection, which does always weaken the impulfe the oftner 
it is repeated. 

Now, though the fecond refraction made at N* be convenient, that is, 
do make the Rays glance the more, yet is it not altogether requifite 5 for 
it is plain from the calculation, that the pulfe d n is fufLciently oblique to 
the Rays K N and as wel as the pulfe/c is oblique to the Rays F K kf k. 
And therefore if a piece of very fine Paper be held clofe againft N n and 
the eye look on it either through the Balias from D, or from the other 
fide, as from B. there (hall appear a Rainbow, or colour’d line painted on 
it with the part toward X appearing Red , towards O, Blue ^ the fame alfo 
fhall happen, if the Paper be placed about K. for towards T (hall ap- 
pear a Red , and towards V a Blue , which does exaftly agree with this my 
Hypothecs , as upon the calculation of the progrels of the pulfe will moft 

eafily appear. . 

Nor do thefe two obfervations of the colours appearing to the eye a- 
bout p differing from what they appear on the Paper at N contradid each 
other $ but rather confirm and exa&ly agree with one another, as will be 
evident to him that examines the reafons fet down by the ingenious. 
Des Cartes in the 12. Sett, of the 8. Chapter of his Meteors , where he 
gives the true reafon why the colours appear of a .quite contrary order 
to the eye, to what they appear’d on the Paper if the eye beplacdm 
fteed of the Paper : And as in the Prifme, fo alfo in the Water, Drop, or 
Globe the Vhcetiomena and reafon are much the fame. . .. 

Having therefore fhewn that there is fuch a propriety in the prijrue 
and water Globule whereby the pulfe is made oblique to the progrellive, 
and that fo much the more, by how much greater the refraction is, lira 
in the next place confider, how this conduces to the production 0 co 
lours, and what kind of impreffion it makes upon the bottom o t e e) j 
and to this end it will be requifite to examine this Hypothecs a little moi 

Firft therefore, if we confider the manner of the prqgrefs of the pulft? 
it will feem rational to conclude, that that part or end of the pul e w 
precedes the other, muft neceflarily be fomwhat more obtunded, or 
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trary of this will happen, if i7.and 18.be calculated in ftead of i6.and it- 
both which does moft exadly agree with the Vh^omna : For if the Sun 
or a Candle (which is better) be placed about E e, and the eye about 
P p, the Rays EF ef. at 1 6. and 17. will paint the fide of the luminous 
objett toward np Blue^ and towards N P Red. But the quite contrary will 
happen when E F is 1 7. and ef 1 8. for then towards N P (hall be a Blue 
and towards ftp a Red , exadly according to the calculation. And there 
appears the Blue of the Rainbow, where the two Blue fides of the two 
Images unite, and there the Red where the two Red (ides unite, that is 
where the two Images are juft difappearing 5 which is, when the Rays 
E F and N P produc’d till they meet, make an Angle of about 41. and an 
half 3 the like union is there of the two Images in the Production of the 
Scamdary Iris, and the fame caufes, as upon calculation may appear 5 
onely with this difference, that it is fomewhat more taint, by reafon of the 
duplicate reflection, which does always weaken the impulfe the oftner 
it is repeated. 

Now, though the fecond refraction made at N n be convenient, that is, 
do make the Rays glance the more, yet is it not altogether requifite 3 for 
it is plain from the calculation, that the pulfe d n is fufliciently oblique to 
the Rays K N and 4 »,as wel as the pulfe/ c is oblique to the Rays F K. 8// 
And therefore if a piece of very fine Paper be held clofe againft N n and 
the eye look on it either through the Ball as from D, or from the other 
fide, as from B. there fhall appear a Rainbow, or colour’d line painted on 
it with the part toward X appearing Red , towards O, Blue 3 the famealfo 
(hall happen, if the Paper be placed about K for towards T fhall ap- 
pear a Red, and towards V a Blue , which does exadly agree with this my 
Hypothecs , as upon the calculation of the progrefs of the pulfe will moft 
eafily appear. 

Nor do thefe two obfervations of the colours appearing to the eye a- 
boutp differing from what they appear on the P aper at N contradift each 
other 3 but rather confirm and exadly agree with one another, as will be 
evident to him that examines the reafons fet down by the ingenious. 
Des Cartes in the 12. Set 7 . of the 8. chapter of his Meteors , where he 
gives the true reafon why the colours appear of a , quite contrary order 
to the eye, to what they appear’d on the Paper it the eyebeplacdin 
ftecd of the Paper : And as in thePrifme, fo alfo in the Water, Drop, or 
Globe the rhienometja and reafon are much the fame. 

Having therefore (hewn that there is fuch a propriety in the prifm 
and water Globule whereby the pulfe is made oblique to the progremve, 
and that to much the more, by how much greater the refradion is, I fliall 
in the next place confider, how this conduces to the production of co- 
lours, and what kind ofimpreflion it makes upon the bottom of the eye 3 
and to this end it will be requifite to examine this Hypothefs a little moie 

particularly. ir 

Firft therefore, if we confider the manner of the progrefs 01 the pul e, 
it will feem rational to conclude, that that part or end ofthe pulle whic 1 
precedes the other, muft neceflarily be fomwhat more obtunded^ or itupe e 
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by the refiiiance of the tranfparent medium, than the other part or end of 
it which is lubfequent, whole way is, as it were, prepared by the other j 
especially if the adjacent medium be not in the lame manner enlightned 
or agitated. And therefore(in the fourth Figure of the fixth Icohijm )the 
Ray A A A H B will have its fide H H more deadned by the refinance 
of the dark or quiet Medium P P P, Whence there will be a kind of dead- 
nefi fuperinduc’d on the fide HHH, which will continually increafe from 
B, and (hike deeper and deeper into the Ray by the line B R ^ Whence 
all the parts of the triangle, R B H O will be of a dead Blue colour, and 
fo much the deeper, by how much the nearer they lie to the line B H H, 
which is mod deaded or impeded, and fo much the more dilute , by how 
much the nearer it approaches the line BR. Next on the other fide of 
the Ray A A N, the end A of the pulfe A H will be promoted, or made 
ftronger, having its pallage already prepar’d as twere by the other parts 
preceding, and fo its imprefiicn wil be feronger-- And becaufe of its obliqui- 
ty to the Ray, there will be propagated a kind of faint motion into Q_Q_ 
the adjacent dark or quiet medium , which faint motion will fpread fur- 
ther and further into Q_Q_ as the Ray is propagated further and further 
from A,namely,as far as the line M A, whence all the triangle MAN will 
be ting’d with .a Red, and that Red will be the deeper the nearer it ap- 
proaches the line M A, and the paler or yellower the nearer it is the line 
N A. And if the Ray be continued,lo that the lines A N and B R (which 
are the bounds of the Red and Blue diluted ) do meet and crols each other, 
there will be beyond that interfecfion generated all kinds of Greens. 

Now.thefe being the proprieties of every fingle refracted Ray of light, 
it will be eafie enough to confiderwhat nnift be therefult of very many 
fuch Rays collateral : As if we fuppofe infinite fuch Rays interjacent be- 
tween A K. S B and A NOB, which are the terminating : For in thiscale 
the Ray A K S B will have its Ao;/ triangle intire,as lying next to the dark 
or quiet medium, but the other fide of it BS will have no Bine, becaufe 
the medium adjacent to it S B O, is mov’d or enlightned, and confequent- 
y that light does deltroy the colour. So likewife will the Ray A N O B 

tb lt r? e ^f C T U ? the 1 ^^ n,ecirHm is mov’d or enlightned, but the 
other fide of thetvay ; that is adjacent to the dark, namely, A HO wilt 

piefetve its \Blue entire, and thefe Rays mult be fo far produc’d as til! 

Frl‘^ f B P CUt ea - h ° th f, r ’ before thcre any Green produc’d 

From thefe Proprieties well confider’d,may be deduc’d the realons of nil 

into two points at the K ief " a< ? lon thereof collected or convergd 
nating Rays, and all the intermediate ^ ^ w°u * 3 becall k the ^ termi- 
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enter the eve, to have their pulfes made oblique to their progreflicn, and 
confidently each Ray to have potentially fuperinduc d two proprieties, 
or colours,™*, a Red on the one fide, and a Blue on the other which not- 
withftanding are never actually manifeft,butwhen this or that Ray has the 
one or the other fide of it bordering on a dark or unmov & medium, there- 
fore as foon as thefe Rays are entred into the eye ; and fo have one fideof 
each of them bordering on a dark part of the humours of the eye, they 
will each of them actually exhibit fome colour * therefore A D C the pro- 
duction G A C H will exhibit a B/#e,becaufe the fide C D is adjacent f to the 
dark mediumC Q_D C,but nothing of a becaufe its fide A D is adjacent 

to the enlightned medium A D F A : And all the Rays that from the points 
of the luminous body are collected on the parts of the between D 

and F (hall have their Blue fo much the more diluted by how much the far- 
ther thefe points of collection are diftant from D towards F 5 and the Ray 
A F C the production of K C A I, will exhibit a Red, becaufe the fide A F 
is adjacent to the dark or quiet medium of the eye APF A but nothing 
of a Blue, becaufe its fide C F is adjacent to the enlightned medium Ci DC, 
and all the Rays from the intermediate parts of the luminous body that 
are collected between F and D fhall have their Red fo much the more di- 
luted by how much the farther they are diftant from F towards D. 

Now becaufe by the refraCtion in the Cornea, and lome other partsof the 
eve the fides of each Ray, which before were almoft parallel, are made 
to converge and meet in a point at the bottom of the eye ^therefore that 
fide of thepulfe which preceded before thefe refractions, fhall firft touch 
the Retwa\ and the other fide laft. And therefore according as this or 
that fide, or end of thepulfe fhall be impeded accordingly will the m. 
previous on the Retina be varied 5 therefore by the Ray GACH re- 
fracted by the Cornea to D there fhall be on that point a ftroke or impref- 
fion confus'd, whofe weakeftend, namely, that by the line C D fhall pre- 
cede, and the ftronger. namely, that by the line A D fhall follow. And 
by the Ray K C A I refraCted to F, there fhall be on that part a confus d 
ftroke or impreflion, whofe ftrongeft part, namely, that by the line C F dial 

precede, and whofe weakeft or impeded, namely, that by the line A F 

fhall follow, and all the intermediate points between F and D will re^ 
ceive imprelfion from the converg'd Rays fomuch the more like tht im- 
preflions on F and D by how much the nearer they approach tha 

° r From the confideration of the proprieties of which impreffions we may 
collect thefe fhort definitions of Colours : That Bluer r « 
the Retina of an oblique and confus d pulfe of light M 
cedes and Me dr one ett follows. And, that Red is an tmprejjwn on the Be 

tina of an oblique and confus d pulfe of light, whofe fir ongefi part precedes, ml 

ofe st hey have been already mamfeUed.ln *.Wg 
and falling drops of Rain, to be the caufes of the colours 
may be eafily found to be the efficients alfo of the colouis PPj A^ 
thin laminated tranfparent bodies* for the explication of which, all ^ 
been premifed. 
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And that this is fo, a little cloier examination of the ?h£nomena and 
the Figure of the body, by this Hypothecs, will make evident. 

For firft (as we have already obferved) the laminated body muft be 
of a determinate thicknefs, that is, it muft not be thinner then fucha de- 
terminate quantity 5 for I have always obferv’d, that neer the edges 
of thofe which are exceeding thin, the colours difeppear, and the part 
grows white 5 nor muft it be thicker then another determinate quantity 3 
for I have likewife obferv’d, that beyond fuch a thicknefs, no colours ap- 
pear’d, but the Plate looked white, between which two determinate 
thicknefles were all the colour’d Rings 3 of which in fome fubftances I 
have found ten or twelve, in others not half fo many, which I fuppofo de- 
pends much upon the tranfparency of the laminated body. Thus though 
the confecutions are the fame in the feumm or the ikin on the top of me- 
tals3 yet in thofe confecutions the feme colour is notfo often repeated 
as in the confecutions in thin Glals, or in Sope-water, or any other more 
tranfparent and glutinous liquor 3 for in thefe I have obferv’d, Red, Tel- 
low, Green, Blue, Vurple 3 RecljCcllow, Green, Blue, Purple 3 Red,Tellow,Green , 
Blue, Purple 3 Red, Fellow, See. to fucceed each other,ten or twelve times, 
but in the other more opacous bodies the confecutions will not be half 
fo many. 

And therefore fecondly, the laminated body muft be tranfparent, and 
this I argue from this, that I have not been able to produce any colour 
at all with an opacous body, though never fo thin. And this I have often 
try’d, by prefling a fmall Globule of Mercury between two fmooth Plates 
of Glafs, whereby I have reduc’d that body to a much greater thinnefs 
then was requifite to exhibit the colours with a tranfparent body. 

Thirdly,there muft be a confiderable refletting body adjacent to the 
under or further fide of the lamina or plate : tor this I always found,that 
the greater that refle&ion was, the more vivid were the appearing 
colours. ° 



"j "“~ i ’°3'-‘ j y^“'-vmtijt,iiidrtneienecnontrornthe 
under or further fide of the bodyis the principal caufe of the production of 
thefe colouis 3 which, that it is fo,and how it conduces to that effedLl fliall 
further explain in the following Figure, which is here deferibed of a very 
great thicKnefs, as if it had been view’d through the Microfcope 3 and tis 

vi 13 ? any have yet us’d)haS been able to 

ihew me thofe colour d plates of Glafs, or Mufcovie-elafs , which I have nor 

without much trouble view’d with it 3 for though I have endeavoured to 
ceedfo^hirthaTh 1 f ^ W f re ca P able of > >' et ar e they fo ex- 

acK,t>y tgbd, thcftrRsupet^aex 5 whereby the perpendicular 

* pulfe 
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pulfe a bis after reflexion propagated by c d, e d, equally remote from 
each other with ah, a b, fo that ag *gc, or bh + hd are either of 
them equal to a a, as is alio c c, but the body BAE being tianiparcnt,a 
part of the light of this Ray is refracted in the furface A B, and propa- 
gated by g i kb to the furface E F, whence it is reflected and refracted 
again by the furface A B. So that after two refractions and one reflection, 
there is propagated a kind of fainter Ray e mnf whofe pulfe is not on- 
ly weaker by reafon of the two refra&ions in the furface A B, but by rea- 
fon of the time fpent in pafiing and repairing between the two furfaces 
A B and EF, ef which is this fainter or weaker pulfe comes behind the 
pulfe cd',i o that hereby (the furfaces A B, and EF being fo neer toge- 
ther, that the eye cannot diferiminate them from one) this confus’d or 
duplicated pulfe, whofe ftrongeft part precedes, and whofe weakeft fol- 
lows, does produce on the Retina (or the opttek nerve that covers the 
bottom of the eye) the fenfation of a Yellow. 

And fecondly, this Yellow will appear fo much the deeper, by how 

much the further back towards the middle between cd and cd thefpu- 

rious pulfe ef is remov’d, as in 2 where the furface B C being further 
remov’d from E F, the weaker pulfe ef will be nearer to the middle, and 
will make an impreffion on the eye of a Red. 

But thirdly, if the two refleding furfaces be yet further remov’d afun- 
der ' (as in 3 CD and EF are) then will the weaker pulfe be fo farr 
behind, that it will be more then half the diftance between cd and cd. 
And in this cafe it will rather feem to precede the following ftronger 
pulfe, then to follow the preceding one, and confequently a Blue will be 
generated. And when the weaker pulfe is juft in the middle beween two 
ftrong ones, then is a deep and lovely Purple generated y but when the 
weaker pulfe ef is very neer to cd , then is there generated a Green, 
which will be bluer , or yellower, according as the approximate weak pulfe 

does precede or follow the ftronger. 

Now fourthly, if the thicker Plate chance to be cleft into two thinner 
Plates, as CDFE is divided into two Plates by the furface GH then 
from the compofition arifing from the three refledions in the furfaces 
C D, G H, and E F, there will be generated fey eral compounded or mixt 
colours, which will be very differing, according as the proportion e 
tween the thicknefles of thofe two divided Plates C D H G, and CMt t 

are varied. „ , , . r , 

And fifthly, if thefe furfaces C D and F E are further remov d afunder, 
the weaker pulfe will yet lagg behind much further, and not onely be 
coincident with the fecond, cd , but lagg behind that alfo, an t lat 0 
much the more, by how much the thicker the Plate be;_lothat by e 
grees it will be coincident with the third c d backward alfo 3 and by e 
grees, as the Plate grows thicker with a fourth, and fo onward to a rittti, 
fixth, feventh,or eighth j fo that if there be a thin tranfparent body,that 
from the greateft thinnefs requifiteto produce colours, does, m the man- 
ner of a Wedge, by degrees grow to the greateft thicknefs that a i late : can 
be of 5 to exhibit a colour by the reflection of Light from fuch a bod) 
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fiiall be generated feveral confecutions of colours, whofe order from the 
thin end towards the thick, fiiall be Yellow, Red, Purple , Blue, Green y Yellow , 
Red,Purple,Blue,Green \ Yellow, Red, Purple, Blue,G reetej Yellow, See. arid thefe 
lb often repeated, as the weaker pulfe does lofe paces with its Primary , 
or firft pulfe, and is coincident with a fecond, third, fourth, fifth, fixth.^c. 
pulfe behind the firft. And this, as it is coincident , or follows from the 
firft Hypothefis I took of colours, fo upon exeriment have I found it in mul- 
titudes of inftances that feem to prove it. One thing which feems of the 
greateft concern in this Hypothefis , is to determine the great eft or leaft 
thicknefs requifite for thefe efic-Cfs, which, though I have not been want- 
ing in attempting, yet lb exceeding thin are thefe coloured Plates, and lb 
impeded our Microjcope.that I have not been hitherto luccelsfulhthough 
if my endeavours fiiall anfwer my expectations, I lhall hope to gratifie the 
curious Reader with feme things more remov’d beyond our reach 
hitherto. 

Thus have I, with as much brevity as I was able, endeavoured to expli- 
cate (. Hypothetically at leaft) the caufes of the rh<enomena I formerly re- 
cited, on the confideration of which J have been the more particular 

Firft, becaufe I think thefe I have newly given are capable of expli- 
cating all the Phenomena of colours, not onely of thofe appearing in the 
Prifmc, Water-drop, or Rainbow, and in laminated ox plated bodies but 
of all that are in the world, whether they be fluid or folid bodies whe- 
ther m thick or thin, whether tranfparent, or feemingly opacous as I 
lhall in the next Obfervation further endeavour to fliew. And fecondlv 
bccaufe this being one of the two ornaments of all bodies difcoverable 
by the light, whether looked on with, or without a Microfcope, it feem'd 
to deferve (fomewhere m this Traft which contains a defeription of the 
Figure and Colour of fome minute bodies) to be fomewhat the more 
innately enquir d into* 1 c 



? in- 



Obferv. X. ^Metalline, and other real Colours. 

Hfot 8 m ”?A fo Tu“l fr0m the Fundamental catlfe of Co- 

from White , and ending therms j ^ f ^ , ot them beginning 

in the deepeft " S theother 
which I have made of other co lorn, ^ f ° me ° b fcvations 

or colour d bodies and feveral kinds of ff eta me powders tinging 
which, toge,herwi,rlM?rc a mfoftThefo r rr ?f 

} feppofe, comprife the leveral - , rmer Obfervation will, 

‘•“-c - 
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In them. And here I lhall endeavour to thew by what compofition all kind 
of compound colours are made, and how there is no colour in the world 
but may be made from the various degrees of thefe two colours, together 
with the intermixtures of B lac fand White . 

And this being fo, as I (hall anon (hew, it feems an evident argument 
to me that all colours whatfoever, whether in fluid or folid, whether 
in very tranfparent or feemingly opacous, have the lame efficient caufe, 
to wit, feme kind of refraction whereby the Rays that proceed 
from fuch bodies, have their pulfe obliquated or confus d in the manner I 
explicated in the former Se8ion 3 that is, a Red is caus d by a duplicated 
or confus’d pulfe, whofe ftrongeft pulfe preccdes,and a weaker follows : 
and a Blue is caus’d by a confus’d pulfe,where the weaker pulfe precedes, 
and the ftronger follows. And according as thefe are, more or lefs, or 
varioufly mixt and compounded, fo arc the fenfations, and confidently 
the phantafms of colours diversified. 

To proceed therefore 3 1 fuppofe, that all tranfparent colour d bodies, 
whether fluid or folid, do confift at leaft of two parts, or two kinds of 
fubftances, the one of a fubftance of a fomewhat differing refraUion from 
the other. That one of thefe fubftances which may be call d the tinging 
fubftance, does confift of diftindf parts, or particles of a determinate big. 
nefs which are dominated , or difpers’d all over the other : That thefe 
particles, if the body be equally and uniformly colour d, are evenly 
rang’d and difpers’d over the other contiguous body 3 That where the 
body is deepeft ting’d, there thefe particles are rang d thickeft 3 and 
where tis but faintly ting’d, they are rang’d much thinner, but uniformly. 
That by the mixture of another body that unites with either of thefe, 
which has a differing refraction from either of the other, quite differing 
effefts will be produc'd,that is, the confecutions of the confus d pulfes will 
be much of another kind, and confequently produce other fenfations and 
phantafms of colours, and from a Red may turn to a Blue , or from a Blue 

to a. Red. 8cc. , „ , _ „ , 

Now, that this may be the better underftood, I fhall endeavour to ex- 
plain my meaning a little more fenfible by a S cheme : Suppofe we there- 
fore in the feventh Figure of the fixth Scheme , that A B C D reprefentsa 
Veflel holding a ting’d liquor, let 1 1 1 1 1 , 8 cc. be the clear liquor, and let 
the tinging body that is mixt with it be E E, &c. FF, &c.Q G,&c. 
HH,^. whofe particles (whether round, or fome other determinate 
Figure is little to our purpofe)are firftof a determinate and equal bulk. 
Next, they are rang’d into the form of guincunx, or Equilaterotmngu - 
lar order, which thatprobably they are fo,and why they are fo,I lhall eltc- 
where endeavour to fhew.Thirdly,they are of fuch a nature,as does either 
more eafily or more difficultly tranfmit the Rays of light then the liquor , 
if more cafily,a Blue is generated, and if more difficultly, a Red or S carle. 

And firft, let us fuppofe the tinging particles to be of a fubftance t 
does more impede the Rays of light , we fhall find that the pu 
wave of light mov’d from A D to B C, will proceed °n,through the con- 
taining medium by the pulfes or waves K. K, LL, M M, N N, 
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becaule feveral of thefe Rays that go to the conftitution of thefe pulfes 
will be f lugged or ftopped by the tinging particles E,F,G,H 3 theiefore 
there fhalU>c a fecundary and weak pulfe that fhall follow die Ray, name- 
ly P P which will be the Weaker: firft, becaufeit hasfuffer d many re- 
fra&ions in the impeding body 3 next, for that the Rays will be a little 
difpers d or confus’d by reafon oftherefraChon in each of the particles, 
whether roundor angular and this will be more evident, if we a little 
more clofely examine any one particular tinging Globule. 

Suppofe wc therefore AB in the eighth Fgure of the fixth Scheme , to 
represent a tinging Globule or particle which has a greater refraChon than 
the liquor in which it is contain’d : Let C D be a part of the pulfe of light 
which is propagated through the containing medium 5 this pulfe will be a 
little ftopt or impeded by the Globule , and fb by that time the pulfe is 
paft to E F that part of it which has been impeded by palling through the 
Globule , will get but to L M, and fo that pulfe which has been propa- 
gated throughthe Globule , to wit, L M, N O, P Q_, will always come 
behind the pulfes E F, G H, I K, &c. 

Next, by reafon of the greater impediment in A B, and its Globular Fi- 
gure, the Rays that pafs through it will be difpers’d, and very much fcat- 
ter'd.Whence C A and D B which before went dirett and parallel, will after 
the refraction in A B, diverge and fpread by A P, and B Q_3 fo that as the 
Rays do meet with more and more of thefe tinging particles in then- 
way, by fo much the more will the pulfe of light further Jagg behind 
the clearer pulfe, or that which has fewer refraCtions, and thence the 
deeper will the colour be, and the fainter the light that is trajeCfed 
through it 3 for not onely many Rays are refleCfed from the furfaces of 
A B, but thole Rays that get through it are very much dilordered. 

By this Hypohefs there is no one experiment of colour that I have yet 
met with, but may be, I conceive, very rationably folv’d, and perhaps, 
had I time to examine feveral particulars requifite to the demonftration 
of it, I might prove it more than probable, for all the experiments about 
the changes and mixings of colours related in the Treatife of Colours, 
publifhed by the Incomparable Mr. Boyle , and multitudes of others which 
I have obferv’d, do fo eafily and naturally flow from thofe principles, that 
lam very apt to think it probable, that they own their prod uttion to no 
other fecundary caufe : As to inftance in two or three experiments. In the 
twentieth Experiment, this Noble Authourhsxs (hewn that the deep bluif) 
purple-colour of Vjokts^ may be turn’d into a Green , by Alcalizate Salts, 
and to a Redby acid 3 that is, a Purple confifts of two colours, a deep Red 
and a deep Blue 3 when the Blue is diluted, or altered, or deftroy 'd by 
acid Salts, the Red becomes predominant, but when the Red is diluted by 
AUahzate and the heightned, there is generated a Green 3 for of a 
Serf diluted, is made a Fellow, and Fellow and Blue make a Green 

Now, becaufe the furious pulfes which caufe a Red and a Blue , do the 

thaVft ofr^r C e3 f P £- fe ’ u n A- the ?- th i er , P recede « ufually follows, 
do deen™ 1 7 r / fr , aftin S bcdl f which do dilute the colour of the one, 
o deepen that of the other. And this will be made manifeft byal- 

moft 
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moft all kindsof Purples , and many forts of Greeny both thefe colours 
confifting ofmixt colours s for if we fuppofe A and A in the ninth Figure, 
to represent two pulfesof clear light, which follow each other at a con- 
venient diftance, A A, each of which has a jpurious pulfe preceding it, as 
BB. which makes a JS/ae,and another following it, as CC, which makes a 
Red , the one caus’d by tinging particles that have a greater refraftion, th e 
other by others that have a lefs refrafting quality then the liquor or 
Menfiruum in which thefe are diflolv’d, whatfoever liquor does fo alter 
the refraftion of the one, without altering that of the other part of the 
ting’d liquor, muft needs very much alter the colour of the liquor s f 0r 
if the refraftion of the dijjolvent be increas’d, and the refraftion of the 
tinging particles not altered, then will the preceding Jpurious pulfe b e 
fhortned or ftopt, and not out-run the clear pulfe fo much 5 fo that BB 
will become EE, and the Blue be diluted , whereas the other jpurious 
pulfe which follows will be made to lagg much more, and be further be- 
hind A A than before, and C C will become f f, and fo the Tellovs or 
Red will be heightned. 

A Saline liquor therefore, mixt with another ting’d liquor ,may alter the 
colour of it feveral ways, either by altering the refraftion of the liquor in 
which the colour fwims : or fecondly by varying the refraftion of the co- 
loured particles, by uniting more intimately either with fome particular 
corpufcles of the tinging body, or with all of them, according as it has a 
congruity to fome more efpecially, or to all alike : or thirdly, by uniting 
and interweaving, it felf with fome other body that is already joyn’d 
with the tinging particles, with which fobftance it may have a congruity 
though it have very little with the particles themfelves : or fourthly, it 
may alter the colour of a ting’d liquor by dif-joyning certain particles 
which were before united with the tinging particles, which though they 
were fomewhat congruous to thefe particles, have yet a greater congruity 
with the newly infus'd Saline menjlruum. It may likewife alter the co- 
lour by further diflolving the tinging fubftance into fmaller and fmaller 
particles , and fo diluting the colour 5 or by uniting feveral particles toge- 
ther as in precipitations, and fo deepning it, and fome fuch other ways, 
which many experiments and companions of differing trials together, 
might eafily inform one of. , . 

From thefe Principles applied, may be made out all the varieties 
of colours obfervable, either in liquors, or any other ting’d bodies, with 
great eafe, and I hope intelligible enough, there being nothing in no- 
tion of colour, or in the foppos’d produftion,but is very conceivable, and 
may be poflible. 

The greateft difficulty that I find againft this Hypothefs , is, that there 
feem to be more diftinft colours then two, that is, then Yellow and Blue. 
This Objection is grounded on this reafon, that there are feveral Reds, 
which diluted, make not a Saffron or pale Yellow, and therefore Red, or 
Scarlet feems to be a third colour diftinft from a deep degree of Yellow. 

To which I anfwer, that Saffron affords us a deep Scarlet tinfture, which 

may be diluted into as pale a Yellow as any, either by making a weak fo- 

J lution 



M 



ICROGRAPHIA. 



71 



lution of the Saffron, by infufing a fmall parcel of it into a great quantity 
of liquor, as in fpirit of Wine, or elfe by looking through a very thin 
quantity of the tinfture, and which may be heightn'd into the loveheft 
Scarlet, by looking through a very thick body of this tinfture, or through 
a thinner parcel of it,which is highly impregnated with the tinging body, 
by having had a greater quantity of the Saffron diflblv’d in a fmaller par- 
cel of the liquor. > 

Now, though there may be fome particles of other tinging bodies that 
give a lovely Scarlet alfo,which though diluted never fo much with liquor, 
or looked on through never fo thin "a parcel of ting’d liquor, vvill not yet 
afford a pale Yellow, but onely a kind of faint Red 3 yet this is no argu- 
ment but that thole ting’dparticles may have in them the fainteft degree of 
Yellow, though we may be unable to make them exhibit it^For that power 
obbzingdiluted depending upon the divifibility of the ting’d body, if I 
am unable to make the tinging particles fo thin as to exhibit that colour, 
it does not therefore follow,that the thing is impoffible to be done s now, 
the tinging particles of fome bodies are of fuch a nature, that unlefs there 
be found fome way of comminuting them into lefs bulks then the liquor 
does difiolve them into, all the Rays that pafs through them muft necefi 
farily receive a tinfture fo deep, as their appropriate refraftions and bulks 
compar’d with the proprieties of the diflolving liquor muft neceflarily 
difpofe them to emprefs, which may perhaps be a pretty deep Yellow, 
or pale Red. 

And that this is not gratis dittum^ I fhall add oneinftanceof this kind 
wherein the thing is moft manifeft. 

If you take Blue Smalt ^ you fhall find, that to afford the deepeft Blue, 
which cateris paribus has the greateft particles or lands* and if you fur- 
ther divide, or grind thofe particles on a Grindftone, ox porphyry ftone 
you may by comminuting the finds of it, dilute the Blue into as pale a one 
as you pleafe, which you cannot do by laying the colour thin 5 for where- 
foever any fingle particle is, it exhibits as deep a Blue as the whole mafs 
Now, there are other Blues, which though neVer fo much ground will 
not be diluted by grinding, becaufe confiftingof very fmall particles ve- 
ry deeply ting d,they cannot by grinding be aftually feparated into fmal- 
ler particles then the operation of the fire, or fome other diflolving; 
Jtruum, has reduc d them to already. 6 

Thus all kind of Metalline colours, whether precipitated, fublimd cal- 
and, or otherwife prepar’d, are hardly chang’d by grinding as ultra 
marine is not more diluted;, nor \sVermilion or Red-lead made^fa more 
faint colour by grindings for the fmalleft particles of thefe which Ihave 
view d with my greateft Magnifying-Glafs, ifthey be well enlightned ao- 
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And this I find generally in moft Metalline colours, that though they 
confift of parts fo exceedingly fmall, yet are they very deeply ting’d, they 
being fo ponderous, and having fuch a multitude of terreftrial particles 
throng’d into a little room 5 fo that ’tis difficult to find any particle tranf- 
parentor refembling apretious ftone, though not impoffible 5 for I have 
obferv’d divers fuch (hining and refplendent colours intermixt with the 
particles of Cinnaber , both natural and artificial, before it hath been 
ground and broken or flaw’d into Vermilion : As I have alfo in Orpiment, 
Red-lead , and Bife^ which makes me fuppofe, that thofe metalline colours 
are by grinding, not onely broken and Separated actually into fmaller 
pieces, but that they are alfo flaw d and brufcd , whence they, tor the 
moft part, become opacous, like flaw’d Cryftal or Gla fs,&c. But for Smalts 
and verditures, I have been able with a Microscope to perceive their par* 
tides very many of them tranfparent. 

Now, that the others alfo may be tranfparent, though they do not ap- 
pear fo to the Microfcope, may be made probable by this Experiment : that 
if you take atnmcl that is almoft opacous , and grind it very well on 
a Porphyry, or Serpentine, the fmall particles will byreafon of their flaws, 
appear perfe&ly opacous 5 and that ’tis the flaws that produce this opa- 
coufnef. ; may be argued from this, that particles of the fame Ammel much 
thicker if unflaw’d will appear fomewhat tranfparent even to the eye j 
and from this alfo, that the moft tranfparent and clear Cryftal, if heated 
in the fire, and then fuddenly quenched, fo that it be all over flaw d, 
will appear opacous and white. 

And that the particles of Metalline colours are tranfparent, may be argu- 
ed yet further from this, that the Cryftals,or Vitriols of all Metals, are tranf- 
parent, which fince they confift of metalline as well as faline particles, 
thofe metalline ones muft be tranfparent, which is yet further confirm d 
from this, that they have for the moft part, appropriate colours j fo the 
-vitriol of Gold is Yellow , ofCopper,Blue,and fometimes Greeny of Iron, 
green , ofTinn and Lead, a pale White of Silver, a pale Bluc,C^c. 

And next, the Solution of all Metals into menjlruums are much the fame 
with the Vitriols , or Cryftals. It feems therefore very probable, that 
thofe colours which are made by the precipitation of thofe particles out 
of the menflruums by tranfparent precipitating liquors fhould be tranlpa- 
rent alfo. Thus Gold precipitates with oyl of Tartar ^ or fpirit ofVrine in- 
to a brown Yellow. Copper with fpirit of Urine into a Mucous blue, 
which retains its tranfparency. A folution offublimate (as the lame 1- 
luftrious Authour I lately mention’d fhews in his 40. Experiment) precip^ 

tates with oyl of Tartar per deliquium, into an Orange colour 

piUte 'y nor is it lefs probable, that the calcination of thofe Vitriols y 
the fire,fhould have their particles tranfparent : Thus Saccarmi Saturnt, 
or the Vitriol of Lead by calcination becomes a deep . Orange-colour 
minium, which is a kind of precipitation by fome Salt which proceeds 10 
the fire , common Vitriol calcin’d, yields a deep Brown Red, 

A third Argument, that the particles of Metals are tranfparent, is, 

being calcin'd, and melted with Glafs, they tinge the Glafs with cran P^ 




And tnai uic pus ^ ^ -j ? _ , - 

from the tranfparency of Lea f-goJcb, which held kgainft the light^bettfo 
to the naked eye, and the Murofcope , exhibits a deep GreeiE. ' And: 
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though I have never leen the other Metais lewnuaiedlfo itfnifl£ thdtliwasr 
able to perceive them tranfparent, yet, for Coppcr-and Brafc, if we ha^fc 
the fame eonvcniency for laminating them, as We have fopGold jWa'fni^ht^ 
per haps, through fuch plates Or leaves, find very d iffering degrees fef Blue,! 
or Greeny for it feems very probable, that thofe Rays that rebound from. 
them ting’d, with a deep Yellow, or pale Red, as- froih Copper^ OTt with> 
a pale Yellow, as from Brafs, have paft through them 5 for I cannot con- 
ceive how by reflection alone thofe Rays can receive a tin(fture, tiking' 
any Hypothejis extant* 

So that we fee there may a fufficient reafon be drawn from thefe in- 
ftanccs, why thofe colours which we are unable to dilute to thepaleft 
Yellow, or Blue, or Green, are not therefore to be concluded not to be a 
deeper degree of them 5 for fuppofing we had a great company of fmall 
Globular t-iknee Bottles,or roundGlafs bubbles.about the bigtiefs of a Waff 
nut, fill’d each of them with a very deep mixture of Saffron, and that 
every one of them did appear of a deep Scarlet colour, and all of them 
together did exhibit at a diftance, a deep dy’d Scarlet body. It does not 
follow, becaufe after we havccome nearer to this congeries, or mafs,and di- 
vided it into itsparts, and examining each of its parts feverally or a part 
we find them to have much the fame colour with the whole mats; it does 
not, I fay, therefore follow, that if we could break rhofe Globules fmaller 
or any other ways : come to fee a fmaller or thinner parcel of the ting’d 
liquor that fill d thofe bubbles-that that ting’d liquor muft always appear 
U 'f> or 1 Scarlet hue, finee it Experiment be made.the quite contrary 
will cnlue ; for it is capable of being diluted into the paleft Yellow ’ 

Now, that I might avoid all the Objeftionsofthiskind.by exhibiting 
an Expettment that mtght by ocular proof convince thofe whom oth« 
reafonswoidd not prevatl with, I provided me a rrifmaticd ClS mado 
hollow ,t, ft in the form of a Wedge, fuch asisreptifented in ,he“emh 
f of tl,e fath Sdxme. The two pmtldogrm, /Ides A B C D A B F F 
which met at a point, were made of the cleareft f nnk inr, rri r 5 i ^ ,? 

ground and pok'd lha, 1 could gc“fh.fe w?h ha^Tr'' 

to the trianouliir (ides BCF A1)F l hsrd ccfljctit 

XT— 

cemem and the whole rrifwutial Box wasexaftlv^ floor W,th . h: "' d 

near the edge of the Wedge where it wIL but'fyVh^rbfa'pal^b™ 
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well colour’d Yellow, and further and further from the edge, as the fo 
quor grew thicker and thicker, this tin&ure appear’d deeper and deeper, 
ft>that near the blunt end,which was feven Inches fromthe edge and three 
Irtchds arid an half thick 3 it Was of a deep and well colour’d Red. Now, 
the clearer and purer , this tin&ure be, the more lovely will the deep 
Scavlttrfcfej and the) fouler the tinfture be, the more dirty will the Red 
-mpfca&V fo that fome dirty tinftur.es have afforded their deepeft Red 
mhcHiof the colour.of burnt Oker or Spamjh btown^others as lovely a co- 
1qu/ 4s Vermilion , arid fome much brighter 5 but feveral others, according 
the tin&uires were worfe or more foul* exhibited various kinds of Reds, 

of very* differing degrees. . 

-r The other of thefc Wedges, I fill'd with a moft lovely tmXure of Gop- 
petix ctcawji from the filings of it 5 with fpirit of Urine, and this Wedge held 
as the former againft the Light, afforded all manner of Blues, fromthe 
faihteft to the deepeft, fo that I was in good hope by thele two,to have pro- 
duc’d all the varieties of colours imaginable 5 tor I thought by this means 
to have been able by placing the two Parallelogram fides together, and 
the edges contrary ways, to have fo mov d them to and fro one by another, 
a$ by looking through them in feveral places, and through feveralthick- 
nefles, I fhould have compounded, and confequently have leen all thofe 
colours, Which by other like compofitions of colours would have enfued. 

Butinfteed of meeting with what I look’d for, I met with fomewhat 
more admirable } and that was, that I found my felf utterly unable to fee 
through them when placed both together, though they were tranfparent 
enough v/hen afimder 3 and though I could fee through twice the thick* 
nefs, when both of them were fill’d with the fame colour d liquors, whe- 
ther both with the Yellow, or both with the Blue, yet when one was fill d 
with the Yellow,- the other with the Blue, and both looked through, they 
both appear’d dark, onely when the parts near the tops were look d 
through, they exhibited Greens, and thofe of very great variety, as I ex- 
pected, but the Purples and other colours, I could not by any means make, 
whether I endeavour’d to look through them both againft the Sun, or 
whether I plac’d them againft the hole of a darkned room.. 

But notwithftandingthismif-ghefling,! proceeded on with m y*-[ ial ‘ n 
a dark room, and having two holes near one another, I was able, by 
placing my Wedges againft them, to mix the ting’d Rays that pafttnroug 
them, and fell on a fheet of white Paper held at a convenient dii ance 
from them as I pleas’d 3 fo that I could make the Paper appear ox wnat 
colour I would,by varying the thicknefles of theW edges, and coniequen ^ 
ly the tincture of the Rays that paft through the two holes, ana ome 
times alfo by varying the Paper, that is, infteed of a white Paper, ho 1 g 
a gray, or a black piece of Paper. , . , , , 11 

Whence I experimentally found what I had before imagin d, t a 
the varieties of colours imaginable are produc d from feveral degrees 
thefe two colours, namely, Yellow and Blue, or the mixture 0 t 
with light and darknefs, that is, white and black. And all tho e a 
infinite varieties which Limners and Painters are able to make y 
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pounding thofe feveral colours they lay on their Sbels or P alack, are no- 
thing elfe, but fome compofitum, made up of fome one or more, or allot 
fi f four 

1 Now whereas it may here again be objeXcd,that neither can the Reds 
be made out of the Yellows, added together, or laid on in greater or lefs 
quantity, nor can the Yellows he made out of the Reds though laid ne- 
ver fo thin 3 and as for the addition of White or Black, they do nothing 
but either whiten or darken the colours to which they are added,and not 
at all make them of any other kind of colour; asforinftance, Vermilion . , 
by being temper’d with White Lead, does not at all grow more Yellow, 
but onely there is made a whiter kind of Red. Nor docs Yellow Oker s 
though laid never fo thick, produce the colour of Vermilion, nor though 
it be temper’d with Black, does it at all make a Red 3 nay, though it be 
temper’d with White, it will not afford a fainter kind ofYellow, fuch as 
majiicut , but onely a whiten’d Yellow 3 nor will the Blues be diluted or 
deepned after the manner I fpeak of, as Indie 0 will never afford fb fine a 
Blue as Vltr amarine or Eifc 3 nor will it, temper’d with Vermilion , ever af- 
ford a Green, though each of them be never fo much temper’d with white* 

To which I anfwer,that there is a great difference between diluting a 
colour and whitening of it 3 for diluting a colour, is to make the colour’d 
parts more thin, fo that the ting’d light, which is made by trajeXing 
thofe ting’d bodies, does not receive 16 deep a tinXure 3 but whitening 
a colour is onely an intermixing of many clear reflexions of light 
among the fame ting’d parts 3 deepning alfo, and darkning or blacking a 
colour, are very different 3 for deepning a colour, is to make the light 
pals through a greater quantity of the fame tinging body 3 and darkning 
or blacking a colour, is onely interpofing a multitude of dark or black 
fpots among the fame ting’d parts, or placing the colour in a more faint 
light. 

F irft therefore, as to the former of thefc operations, that is, diluting and 
deepning, moft of the colours usd by the Limners and Painters are in- 
capable of, to wit, Vermilion and Red-lead , and Okgr, becaufe the ting’d 
parts are fo exceeding fmall, that the moft curious Grindftones we have, 
are not able to feparate them into parts aXually divided fo fmall as the 
ting d particles are 3 for looking on the moft curioufly ground Ver- 
milion and(%r and Red-lead, I could perceive that even thofe fmall 
corpu/cles 01 the bodies they left were compounded of many pieces, that 
is,thcyfeemd tobe fmall pieces compounded of a multitude of leffer 
ting d parts : each pece feeming almoft like a piece of Red Glafs,or ting’d 
Cryftal all flaw d 3 fo thatunlefs the Grindftone could actually divide 
them into fmaller pieces then thofe flaw’d particles were, which com- 
pounded that ting d mote I could fee with my Microfiope, it would be 
SrS e t0 d * Mt l the , co ! OUr b y grinding, which, becaufe the fineft we 

therefore they cannot at 

fmafl^b^Zlf^ 5 . Wh °, fetin g ,d Prides are fuch as may be made 
’ by 8 nndln g their colour, may be diluted. Thus feveral of the 
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Blues may be diluted ,as Smalt and Bife ^ and Mafiicutytvhich is Yellow 3 mav 
be made more faint : And even Vermilion it felf may/by too much grind- 
ing, be brought to the colour of Red-lead , which is but an Orange colour 
which is confeft by all to be very much upon the Yellow. Now, though 
perhaps fomewhat of this diluting of Vermilion by overmuch grinding 
maybe attributed to the Grindftone, or muller, for thatfome of then- 
parts may be worn off and mixt with the colour, yet there feems not ve- 
ry much, for I have done it on a Serpentine-ftone with a muller made of a 
Pebble, and yet obfcrv’d the fame effedt follow. 

And fecondly, as to the other of thefe operations on colours, that is 
the deepning of them, Limners and Painters colours are for the moft part 
alfo uncapable. For they being for the moft yaxtopacous, and that opa - 
coufncfi, as I faid before, proceeding from the particles, being very much 
Haw’d, unlels we were able to joyn and re-unite thofe Haw’d particles 
again into one piece, we (hall not be able to deepen the colour, which 
fince we are unable to do with moft of the colours which are by Painters 
accounted opacous, we are therefore unable to deepen them by adding 
more of the fame kind. 

But becaufe all thole opacous colours have two kinds of beams or Rays 
reflected from them,that is, Rays unting'd, which are onely reflected from 
the outward furface, without at all penetrating of the body.and ting’d 
Rays which are reflected from the inward (urfaces or flaws after they 
have fuffer’d a two-fold refrattion j, and becaufe that tranfparent liquors 
mixt with fuch corpufcles , do, for the moft part, take off the former kind 
of reflettion $ therefore thefe colours mixt with Water or Oyl, appear 
much deeper than when dry, for moft part of that white refleftion from the 
outward ferface is remov’d. Nay, fome of thefe colours are very much 
deepned by the mixture with fome tranfparent liquor, and that becaufe 
they may perhaps get between thole two flaws, and fe> confequently joyn 
two or more of thofe flaw’d pieces together 3 but this happens but in a 
very few. 

Now, to (hew that all this is not gratis diffum, I (hall fet down fome 
Experiments which do manifeft thefe things to be probable and likely, 
which I have here deliver’d. 

For, firft, if you take any ting’d liquor whatloever, efpecially if it be 
pretty deeply ting’d, and by any means work it into a froth, the congeries 
of that froth (hall feem an opacous body, and appear of the fame colour, 
but much whiter than that of the liquor out of which it is made. For the 
abundance of reflections of the Rays againft thofe furfaces of the bubbles 
of which the froth confifts, does (o often rebound the Rays backwards, 
that little or no light can pais through, and confequently the froth ap- 
pears opacous. ■ 

Again, if to any of thefe ting’d liquors that will endure the boiling 
there be added a (mall quantity of fine flower (the parts of which through 
the Micro/cope are plainly enough to be perceiv’d to confift of tranipa- 
rent corpufcles ) and fuffer’d to boyl till it thicken the liquor, the mafsot 
the liquor will appear opacous, and ting’d with the feme colour, but very 
much whiten’d. ^ 1,5 
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Thus if you take a piece of tranfparent Glals that is well colour d, dnd 
by heating it, and then quenching it in Water, you flaw it all over, 
it wjll become opacous , and will exhibit the feme colour with which the 

pieceis ting’d, but fainter and whiter. _ 

Or, if you take a Pipe of this tranfparent Glals. and in the flame 01 a 
Lamp melt it, and then blow it into very thin bubbles, then break thofe 
bubbles, and collect a good parcel of thofe lamina together in a Paper, 
you (hall find that a fmall thicknels of thofe Plates will coliftitutean opa- 
cous body, and that you may fee through the mafs of Glafs before it be 
thus laminated, above four times the thicknels : And betides, they will 
now afford a colour by reflection as other opacous (as they are call’d) 
colours will, but much fainter and whiter than that of the Lump or Pipe 
out of which they were made. 

Thus alto, if you take Butty, and melt it with any tranfparent colour’d 
Glals, it will make it become an opacous colour’d lump, and to yield a pa- 
ler and whiter colour than the lump by reflection. 

1 he feme thing may be done by a preparation of Antimony , as has been 
(hewn by the Learned Phyfcian , L> C. M. in his Excellent Oblervations 
and Notes on Nerys Art of Glafs } and by this means all tranfparent co- 
lours become opacous , or ammels. And though by being ground they lofe 
very much of their colour, growing much whiter by reafon of the multi- 
tude of (ingle reflections from their outward furface, as I fhew’d afore, 
yet the fire that in the nealing or melting re-unites them, and (o re- 
news thofe Jpurious reflections, removes alfo thofe whitenings of the co- 
lour that proceed from them. 

As for the other colours which Painters ufe, which are tranfparent, and 
us’d to varnifla over all other paintintings, ’tis well enough known that 
the laying on of them thinner or thicker, does very much dilute or deepen 
their colour. 

Painters Colours therefore confifting moft of them offolid particles, 
fo fmall that they cannot be either re-united into thicker particles by 
any Art yet known, and confequently cannot be deepned 5 or divided in- 
to particles fo fmall as the flaw’d particles that exhibit that colour, much 
lels into lmaller, and confequently cannot be diluted 5 It is neceftary that 
they which are to imitate all kinds of colours, (hould have as many de- 
grees of each colour as can be procur’d. 

And to this purpofe, both Limners and Painters have a very great va- 
nety both of Yellows and Blues, bolides feveral other colour^ bodies 
that exhtbit very eompounded colours, fuch asGreensand Purples; and 
others that are compounded of feveral degreesof Yellow, or feveral de- 

” ixt> and fometiraes “ mpo ™ ded 

to the deepen, Red or Scarlet, which 
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Their Blues are feveral kinds of Smalts, and Verditures, and an( j 
Vltr amarine, and Indico, which laft has many dirty or dark parts inter- 

mixt with it. , 

Their compounded colour’d bodies, as Tink^, and Verdigrefe, which are 
Greens, the one a Popingay , the other a Sea-green 3 then which is a 
very lovely Purple. 

To which may be added their Black and White, which they a lf 0 
ufually call Colours, of each of which they have feveral kinds, fuch as 
Bone Blacky, made of Ivory burnt in a clofe Vellel, and Blue Blacl b made 
of the fmall coal of Willow, or feme other Wood 5 and Cullens earth. 
which is a kind of brown Black, &c. Their ufual Whites are either ar- 
tificial or natural White Lead, the laft of which is the beft they yet have, 
and with the mixing and tempering thefe colours together, are they able 
to make an imitation of any colour whatfoever : Their Reds or deep 
Yellows, they can dilute by mixing pale Yellovvs with them, and deepen 
their pale by mixing deeper with them 3 for it is not with Opacous co- 
lours as it is with tranfparent, whereby adding more Yellow to yellow, 
jt is deepned, but in opacous diluted. They can whiten any colour by mix- 
ing White with it, and darken any colour by mixing Black, orfomedark 
and dirty colour. And in a word, moft of the colours, or colour’d 
bodies they ufe in Limning and Painting, arc fuch, as though mixt with 
any other of their colours, they preferve their own hue, and by being in 
fuch very final parts difpers’d through the other colour’d bodies, they 
both, or altogether reprefent to the eye a cowpoftnm of all 3 the eye be- 
ing unable, by reafon of their fmalnefs, to diftinguilh the peculiarly co- 
lour’d particles, but receives them as one intire compofitum: whereasin 
many of thefe, the Microfcope very eafily diftinguiflies each of the com- 
pounding colours diftinflt, and exhibiting its own colour. 

Thus have I by gently mixing Vermilion and Bife dry, produc’d a very 
fine Purple, or mixt colour,but looking on it with the Microfcope, I could 
eafily diftinguilh both the Red and the Blue particles, which did not at 
all produce the Phantafm of Purple. 

To fumm up all therefore in a word, I have not yet found any folid 
colour 'd body, that I have yet examin’d, perfe&ly opacous:, but thole that 
are leaft tranfparent are Metalline and Mineral bodies, whofe particles ge- 
nerally, feeming either to be very fmall, or very much flaw’d, appear 
for the moft part opacous, though there are very few of them that I have 
look’d on with a Microfcope , that have not very plainly or circumftanti- 
ally manifefted themfelves tranfparent. 

And indeed, there feem to be lb few bodies in the world that are tn 
minimis opacous, that I think one may make it a rational guery. Whether 
there be any body abfolutely thus opacous .<? For I doubt not at all (and 1 
have taken notice of very many circumftances that make me of this 
mind) that could we very much improve the Microfcope , we might be 
able to fee all thofe bodies very plainly tranfparent, which we now are 
fain onely to ghefs at by circumftances. Nay , the Object Glaffes we 
yet make ufe of are fuch, that they make many tranfparent bodies to the 
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eve feem opacous through them, which if we widen rhe Apeiturea little, 
and'eaft more light on the objefts, and not charge the Glafles lo deep, 

will again dilclole their tranfparency. # 

Now as for all kinds of colours that' are difiblvable in Water, or other 
liquors 5 there is nothing io manifeft, as that all thofe ting’d liquors are 
tranfparent.:,' a»d many of them are capable of being diluted rand com- 
pounded or mixt with other colours, and divers ' of them are capable of 
being very much chang’d and heightned, and fixt with feveral kinds of 
Saline menfiruums. Others of them upon compounding, deftroy or vi- 
tiate each others colours, and precipitate, or othervvife very much alter 
each others tinftu re. In the true ordering and diluting, and deepning, 
and mixing, and fixing of each of which, confifts one of the greateft my- 
ftcries of the Dyers, of which particulars, becaufe our Microfcope affords 
us very little information,! (ball add nothingmore at prelent 3 but onely 
that with a very few tinctures order’d and mixt after certain ways, too 
long to be here fet down, I have been able to make an appearance of all 
the various colours imaginable, without at all ufing the help of Salts, or 
Saline menfiruums to vary them. 

As for the mutation of Colours by Saline menfiruums, they have al- 
ready been lb fully and excellently handled by the lately mention’d In- 
comparable Ant hour, that I can add nothing,but that of a multitude of tri- 
als that I made, I have found them exaftly to agree with his Rules and 
Theories, and though there may be infinite inftaqces, yet may they be 
reduc’d under a few Heads, and compris’d within a very few Rules. And 
generally I find, that Saline menfiruums are moft operative upon thofe 
colours that are Purple, or have lome degree of Purple in them, and up- 
on the other colours much left. The fpurious pulfes that coippofe which, 
being (as I formerly noted) fo very peer the middle between the true 
ones, that a fmall variation throws them both to one fide, or both to the 
other, and fo confequently muft make a vaft mutation in the formerly ap- 
pearing Colour. 
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Obferv. XI. 0/ Figures obfervd in fmall Sand. 

S And generally leans to be nothing elfe but exceeding fmall Pebbles, 
01 at eaft feme very fmall parcels of a bigger ftone ; the whiter kind 
teems through the Mic r of ope to confift of fmall tranfpa tent pieces of fome 
pellucid body each of them looking much like a piece of Alum, or Salt 
CtWy and this kind of Sand is angled for the moft part irregularly,without 
any certain fhape,and the granules of it are for the moft part tiawd, though 
amongftniany of them it is not difficult to find fome that are pei feftlv 
° fclCarCryfta1 ’ and diveis Hkewifcmoft curfoufly 
& oftl ? e L ^g er 8tiri * °f Cryftal, or like the 
«c SKI bfC - rV , d ln r c « tain Hints, of which Ifhall by and by re- 
5 which laft pan, cularfeems to argue, that this kindof Sand -is not 

made 
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made by the comminution of greater tranfparent Cryftaiiue bodies, but 
by the concretion or coagulation of Water,or fome other fluid body. 

There are other kinds of courfer Sands, which are browner, and have 
their particles much bigger } thefe, view'd with a Microfcope, feem much 
courfer and more opacous fubftances,and mcff of them are of fome irregu- 
larly rounded Figures} and though they feem not lb opacous as to the 
naked eye, yet they feem very foul and cloudy, but neither do thefe want 
curioufly tranfparent, no more than they do regularly figur'd and well 
colour'd particles, as I have often found. 

There are multitudes of other kinds of Sands, which in many particu- 
lars j plainly enough difcoverable by the Microfcope, differ both from thefe 
laft mention’d kinds of Sands, and from one another : there feeming to be 
as great variety of Sands, as there is of Stones. And as amongft Stones fome 
are call’d precious from their excellency, fo alfo are there Sands which 
deferve the fame Epithite for their beauty } for viewing a fmall parcel of 
Eajl-India Sand (which was given me by my highly honoured friend, Mr. 
Daniel ColroaU) and, fince that, another parcel, much of the fame kind, 
I found feveral of them, both very tranfparent like precious Stones, snd 
regularly figur'd like Cryftal, Corniji b Diamants, fome Rubies, &c. and 
alfo ting’d with very lively and deep colours, like Rubys,Saphyrs, Eme- 
ralds, &c. Thefe kinds of granulsl have often found alfo in £»<$/& Sand. 
And ’tis eafie to make fuch a counterfeit Sand with deeply ting’d Glafs, 
Enamels and Painters colours. 

It were endlefs to defcribe the multitudes of Figures I have met with 
in thefe kind of minute bodies, fuch as Spherical,Oval, Pyramidal, Conical , 
Trifmatical , of each of which kinds I have taken notice. 

But amongft many others, I met with none more obfervable than this 
pretty Shell (defcribed in the Figure X. of the fifth Scheme) which, 
though as it was light on by chance, deferv’d to have been omitted (I 
being unable to dirett any one to find the like) yet for its rarity was it not 
inconfiderable, efpecially upon the account of the information it may 
afford us. For by it we have a very good inftance of the curiofity of Na- 
ture in another kind of Animals which are remov'd, by reafon of their 
minuteneft, beyond the reach of our eyes} fo that asthereare feveral forts 
of Infe&s, as Mites, and others, fo fmall as not yet to have had any names } 
(fome of which I {hall afterwards defcribe) and fmall Fifties, as Leeches 
in Vineger } and fmal vegetables, as Moft, and Rofe-Leave-plants } and 
{mail Muftnoms, as mould: foare there, it feems, fmall Shel-filh like- 
wife, Nature {hewing her curiofity in every Tribe of Animals , Vege- 
tables, and Minerals. 

I was trying feveral fmall and fingle Magnifying Glafles, and carnally 
viewing a parcel of white Sand, when I perceiv’d one of the grains exactly 
(hap’d and wreath’d like a Shell, but endeavouring to diftiaguilh it with 
my naked eye, it was fo very fmall, that I was fain again to make ufeofthe 
daft to find it } then,whileft I thus look’d on it, with a Pin I feparated all 
the reft of the granules of Sand, and found it afterwards to appear to the 
naked eye ap exceeding fmall white {pot, no bigger than the point ou 
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Pin. Afterwards I view’d it every way with a better Microscope J and found 
it on both (ides, and edge- ways, to refcmble the Shell of a fmall \\ ater- 
Snail with a flat fpiral Shell : it had twelve wreathihgs, a,b, c, d, e, occ. 
all very proportionably growing one left than another toward the 
middle or center of the Shell, where there was a very fmall round white 
fpot. I could not certainly difeover whether the Shell were hollow or 
not but it feem’d fill’d with fomewhat, and tis probable that it might 
be 'petrify d as other larger Shels often are, fuch as are mention'd in the 
feventeenth Obfervation. 
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Obfcrv. XII. Of Gravel in Vrine. 

Have often obferv’d the Sand or Gravel of Urine, which feems to be 
jj a tartarcous fubftance, generated out of a Saline and a terreflrial Jub- 
ilance crjjlal/izd together, in the form of Tartar , fometimes /ticking to 
the fides of the Vrinal , but for the moft part finking to the bottom, and 
there lying in the form of coorfe common Sand} thefe, through the Mi- 
crofcope, appear to be a company of fmall bodies, partly tranfparent, and 
partly opacous , fome White, fome Yellow, fome Red, others of more 
brown and dufkie colours. 

The Figure of them is for the moft part flat, in the manner of Slats, or 
fuch like plated Stones, that is,each of them feem to be made up of feve- 
ral other thinner Plates, much like Mufcovie Glafs, or Englifh sparr, to the 
laft of which, the white plated Gravel feems moft likely 5 for they feem 
hot onely plated like that, but their fides fhap’d alfo into Rhombs,. Rhom- 
boeids, and foftietimes into Rectangles and fqnares. Their bignefs and Figure 
may be feen in the fecond Figure of the fixth Plate, which reprefents about 
adozen of them lyingupona plate A BCD, fome of which, as* b c d 
feem’d more regular than the reft, and e, which was a fmall one, flick- 
ing on the top of another, was a perfect Rhomboeid on the top, and had 
four Rea angular fideS. 

The line E which was the meafure of the Microfcope. is ft part of aw 

EngUJh Inch, fo that the greateft bredth of any of them, exceeded not 
part of an Inch. 

Putting thefe into feveral liquors, I found Oyl of Vitriol, spirit of 
and feveral other Saline menjlruums to diflolve them} and the firft 
ofthefe in left than a minute without Ebullition, Water, and feveral other 
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It may therefore, perhaps, be worthy fome Phyficians enquiry, whether 
there may not be fomething mixt with the Urine in which the Gravel 
or Stone lies, which may again make it diflolve it, the firftof which feems 
by it’s regular Figures to have been fometimes Cryjla/liz clout of it. For 
whether this Cryflallization be made in the manner as Alum, Peter fee. are 
cryftallized out of a cooling liquor, in which, by boyling they have been 
dilfolv’d 5 or whether it be made in the manner of Tart arum Vitriolatum 
that is, by the Coalition of an acid and a Sulphureous lubltance, it f cem s 
not impoffible,but that the liquor it lies in, may be again made a diffilvent 
of it. But leaving thefe inquiries to Phyficians or Chy mills, to whom 
it does more properly belong, I fhall proceed. 



Obferv. XIII. Of the f mall Diamants, or Sparks in Flints. 

C Hancing to break a Flint ftone in pieces, I found within it a certain 
cavity all crufted over with a very pretty candied fubftance, fome 
of the parts of which, upon changing the pofture of the Stone, in refpett 
ofth e Incident light, exhibited a number of fmall, but very vivid re- 
flections, and having made ufe of my Microfcope, I could perceive the 
whole lurface of that cavity to be all befet with a multitude of little 
Cryjlaline or Adamantine bodies, lb curioufiy lhap d, that it afforded a 
not unpleafing objeCt. 

Having confidered thole vivid repercujjions of light,I found them to be 
made partly from the plain external furface of thele regularly figured 
bodies (which afforded the vivid reflexions) and partly to be made 
from within the lomewhat pellucid body, that is, from fome furface of the 
body,oppofite to that luperficies of it which was next the eye. 

And becaufe thefe bodies were fo fmall, that I could not well come to 
make Experiments and Examinations of them, I provided me feveral 
fmall Jliriee of Cryllals or Diamants, found in great quantities in Corn- 
jjW/.and are therefore commonly called Cornijh Diamants : thefe being 
very pellucid , and growing in a hollow cavity of a Rock (as I have been 
leveral times informed by thole that have oblervd them) much after the 
lame manner as thele do in the Flint ^ and having befides their outward 
lurface very regularly lhap’d, retaining very near the fame Figures with 
fome of thole I oblerv’d in the other, became a convenient help to me for 
the Examination of the proprieties of thole kinds of bodies. 

And firft for the Reflections 5 in thefe I found it very oblervable, That 
the brighteft reflections of light proceeded from within the peHucidho<fep 
that is, that the Rays admitted through the pellucid fubftance in their 
getting out on the oppofite fide, were by the contiguous and Itrong re- 
flecting furface of the Air very vividly reflected, lb that more Rays were 
reflected to the eye by this furface, though the Ray in entring and getting 
out of the Cryftal had fuffer’d a double refraCtion, than there were fiom 
the outward lurface of the Glafs where the Ray had luffer d no reurauion 
at all. 
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